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D  I  R  E  C  T*  IONS  for  making  the  heft 
Compoftion  for  the  Metals  of  REFLECTING 
Telescopes,  and  the  Method  of  cafing , 
grinding ,  polijhing ,  and  giving  the  great  $pe°* 
culum  the  true  parabolic  Figure * 

By  the  Revd  John  Edwards,  A. 

TH  E  Methods  in  general  ufed  for  callings 
grinding,  and  polilhing  the  Metals  for  Re¬ 
flecting  Telefcopes  being  well  known  to  Work¬ 
men,  and  having  been  treated  of  in  the  molt  full 
and  fatisfaCtory  Manner  in  Dr.  Smith's  Optics, 
and  alfo  by  Mr.  Mudge  in  the  Philofophical  Tranf- 
aCtions,  Vol.  lxvii,  Part  i,  I  fhall  not  dwell  upon 
thefe  Points,  but  fhall  add  fuch  Directions  and  Ob- 
fervations  of  my  own  as  I  have  found  by  Experi¬ 
ence  to  anfwer  much  better  than  the  Methods  taught 
by  thofe  Writers.  Some  Telefcopes  conltruCted 
by  me  have  been  tried  by  the  Rev’d  Dr.  Maske- 
lyne,  Altronomer  Royal,  and  found  very  greatly 
to  excel  in  Rrightnefs*,  and  to  equal  in  other  Re- 

*  Mr.  Edwards's  Telefcopes  fhew  a  white  ObjeCt  perfectly 
white,  and  all  ObjeCts  of  their  natural  Colors  ;  very  different 
from  common  Reflecting  Telefcopes,  which  give  a  dingy  cop- 
perifli  Appearance  to  Objects.  I  found,  by  a  careful  Experi¬ 
ment,  that  they  fhew  Objects  as  bright  as  a  treble  ObjeCt-glafs 
Achromatic  Telelcope,  both  being  put  under  equal  Circum- 
fiances  of  Areas  of  the  Aperture  of  the  ObjeCt-metai  and  ObjeCt- 
glafs,  and  equal  magnifying  Powers ;  whereas  the  Diametef 
of  the  Aperture  of  a  common  Reflecting  Telefcope  muff  be  to 
that  of  an  Achromatic  Telefcope  as  8  to  to  produce  an  equal 
Effedt.  Nevil  Maskelyne. 
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fpe&s,  Telefcopes  ot  the  fame  Size,  conftru&ed 
by  the  beft  Artiils  in  London. 

,  v  f  T  *  .  ' 

Of  the  hejl  Compofitlon  for  RefeEling  Specula . 

H  A  T  I  may  not  be  tedious  upon  this  Point, 
-**  it  may  be  neceflary  to  acquaint  my  Reader, 
that  I  have  made  Experiments  upon '  the  following 
Metals  and  Semi-metals,  in  order  to  difeover  a 
Compofition  for  a  Speculum,  which  fhould  reflect 
the  greateft  Quantity  of  Light,  and  confequently  be 
capable  of  receiving  the  fineft  Polifh.  I  combined 
them  in  feveral  Proportions,  and  ground  and  po¬ 
lish  ed  them.  The  Metals  and  Semi-metals  I 
tried  were  Silver,  Platina,  Iron,  Copper,  Brafs, 
Lead,  and  Tin ;  Crude  Antimony,  Regulus  of 
Antimony,  Martial  Regulus  of  Antimony,  Arfenic, 
Bifmuth,  Zinc,  and  Antimony  combined  with 
Cawk-ftone*.  Having  tried  many  Compofitions 
of  them  (fee  the  Appendix)  I  found  that  32 
Ounces  of  Copper,  with  13  or  16  Ounces  of  Grain 
Tin  (according  to  the  Purity  of  the  Copper) 
with  the  Addition  of  a  little  Brafs  and  Arfenic ; 
viz.  one  Ounce  of  each  to  the  above  Proportion  of 
Copper  and  Tin,  will  form  a  Metal  capable,  when 
polifhed  in  a  proper  Manner,  of  reflecting  much 
more  Light  than  any  other  Metal  that  has  as  yet 
been  offered  to  the  Public.  When  I  fay  that 
the  Proportion  of  Tin  is  from  13  or  16  to  32 
Ounces  of  Copper,  I  would  be  underflood,  that 
the  Proportion  of  Tin  will  not  always  be  accurately 

*  See  a  moft  curious  Experiment  upon  Cawk-ftone  and 
Antimony  in  the  Philof'ophical  Traniaftions,  N°cx. 

f  If  One  Ounce  ot  Silver  be  added  to  this  Compofition, 
the  Metal  will  be  much  better  and  whiter. 
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the  fame,  as  Copper  will  take  more  or  lefs  Tin  tq 
perfectly  faturate  it  according  to  its  Purity.  It 
might  be  of  Ufe  Previoufly  to  purify  the  Copper 
as  much  as  poffible.  A  very  little  Experience 
in  thefe  Matters  will  enable  any  one  to  know 
exactly  when  the  Copper  is  completely  fatu- 
rated;  as  the  Compofition  will,  if  broken, 
appear  of  a  molt  beautiful  bright  and  glafify 
Nature,  very  much  refembling  the  fine  Face  of 
Quickfilver.  My  Method  to  afeertain  that  Point 
accurately,  is  to  melt  32  Ounces  of  Copper, 
and  to  add  to  it,  when  fufficiently  fufed,  1 5  Ounces 
of  Tin,  and  to  pour  the  Mixture  into  an  Ingot  : 
Then  to  a  certain  known  Portion  of  this  Compo¬ 
fition,  I  add  a  very  fmall,  but  known  Portion  of 
Tin;  and  thus,  by  a  few  Trials,  I  can  eafily  ob¬ 
tain  the  Point  of  complete  Saturation,  and  the 
Maximum  of  Perfection.  Having  then  afeertained 
what  Portion  of  Tin  I  added  to  the  above  known 
Quantity  of  the  Compofition,  I  add  the  propor¬ 
tional  Quantity  of  Tin  to  the  IVhole ,  when  melted 
a  Second  Time.  Thus,  if  I  find,  that  I  muft 
add  a  Quarter  of  an  Ounce  of  Tin  to  One  Pound 
of  the  Compofition,  fo  as  to  obtain  the  ne plus  ultra 
of  *  Brilliancy ;  then  I  know,  that,  when  I  fhal! 
melt  the  Remainder  of  the  Metal  a  Second  Time, 
in  order  to  call  the  Speculum,  I  mull  add  One 
O  unce  of  Grain  Tin  to  Four  Pounds  of  the  Com¬ 
pofition,  made  according  to  the  Proportion  of  32 

1 

*  If  too  much  Tin  fiiould  be  added;  viz.  it  17  Ounces 
of  Tin  is  put  to  32  Ounces  of  Copper,  the  Compofition  is  nof 
brilliant  when  broken,  but  ot  a  grey  blue  and  dull  Color. 
If  the  Quantity  of  the  Tin  be  further  increafed,  the  Metal  will 
become  almofi:  black* 
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Ounces  of  Copper  to  15  Ounces  of  Tin.  The 
Arfenic  mu  ft  be  added  in  the  Second  Melting,  when 
the  Speculum  is  intended  to  be  caft,  as  the  Heat  of 
the  Mixture,  in  the  *  Firjl  Melting,  is  fo  great  as  to 
render  the  mod;  Part  of  the  Arfenic  volatile,  and  in 
a  great  Meafure  prevent  its  Adfion  upon  the  Metals. 
It  is  fomewhat  fingular  that  Arfenic ,  though  parti¬ 
cularly  recommended  by  T  Sir  Isaac  Newton  for 
this  Purpofe,  ihould  be  haftily  thrown  ahde  by 
the  Founders,  as  well  as  paiTed  over  unnoticed  by 
the  Writers  upon  this  Subject.  This  imprudent 
Difufe  of  it  I  can  only  attribute  to  the  difagreeable 
Fumes  or  Vapours  which  arife  when  it  is  intro¬ 
duced  into  the  Crucible  to  the  melted  Mixture, 
which  may  produce  difagreeable  EfTedts  upon  the 
Operator,  if  proper  Care  is  not  taken  to  prevent 
them  from  being  received  into  the  Lungs  All 
the  Precaution  necelfary,  is  to  bruife  the  Arfenic 
coarfely,  and  introduce  it  into  the  Crucible  with  a 
Pair  of  Tongs,  having  tied  it  up  in  a  Piece  of 
Paper;  giving  it  then  a  Stir  with  a  wooden  Spa¬ 
tula,  retaining  your  Breath,  avoid  it  till  you  can 
fee  no  more  Vapours  arife  from  the  Crucible,  when 
the  Metal  will  be  ready  to  be  poured  into  the 


'*  Sir  Isaac  Newton  melted  the  Copper  fir  ft,  then  added 
the  Arfenic,  and  iaftly  the  Tin  ;  as  without  Doubt  he  knew 
that  the  Tin  fliould  remain  in  a  fluid  State  the  lliortcft  Time 
poflible.  It  is  true  that  Sir  Isaac  added  the  Arlenie  to  the 
melted  Copper ;  but  as  he  well  knew  that  a  great  Part  of  it 
would  be  rendered  volatile,  he  therefore  added  a  very  large 
Quantity  of  it ;  viz.  Arfenic  i  to  Copper  6. 

f  See  Dr.  David  Gregory's  Optics  by  Dr.  Brown  and  Dr. 
Dcfagullers ,  p.  219;  or  Philofophical  T ranfacftions,  N°  81. 

X  I  have  been  afl'ured  by  Two  ingenious  experimental  Phi- 
lofophers,  that  the  Fumes  of  Arfenic,  even  when  the  Garlic 
Smell  is  very  ftrong,  are  not  in  the  leaft  prejudicial  to  the  Lungs. 

Nevit.  Maskelyne^ 
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Plafks  to  call  the  Speculum.  The  great  Ufe  of 
Arfenic ,  in  this  Compofition,  is  to  render  the  Metal 
much  more  compact  and  folid,  and  indeed  much 
more  beautiful ,  as  any  one  may  experience  by  com¬ 
paring  the  Compofition  with  Arfenic,  with  the  fame 
Compofition  of  Copper  and  Tin  without  Arfenic, 
In  general  I  find  One*  Ounce  of  Arfenic  fufficient  for 
One  Pound  of  the  Metal.  A  much  greater  Quan¬ 
tity  of  Arfenic  may  be  ufed  without  any  Difadvan- 
tage  to  the  Beauty  or  CompaCtnefs  of  the  Metal ; 
but  then  it  is  too  apt  to  tarnifh,  if  expofed  to  the 
Air  for  fome^Time :  Three  Quarters  of  an  Ounce 
or  an  Ounce  of  Arfenic  to  One  Pound  of  Compo¬ 
fition  will  not  tarnifh  in  the  lead  Degree.  Indeed 
the  Reafon  why  the  Metals,  generally  made  Ufe  of 
for  Specula,  tarnifh  when  they  are  much  expofed 
to  the  Air,  is  becaufe  the  Quantity  of  Copper  in 
their  Compofition  is  not  nearly  faturated,  and  the 
Acid  contained  in  the  Air,  by  a&ing  upon  it,  ex¬ 
tracts  the  Copper  from  the  Tin,  and  turns  the 
Metal  into  a  dirty  or  dingy  colored  Speculum, 
and  which  (befides  the  great  Lofs  of  Light)  caufes 
the  common  Reflecting  Telefcopes  to  fhew  all  Ob¬ 
jects  of  a  dirty  red  or  yellowifh  Color.  This, 
however,  is  not  the  Cafe  in  the  Metals  made  of  the 
above  Compofition ;  for,  as  the  Copper  is  com- 
pleatly  faturated,  the  Air  cannot  aCt  upon  it  in  the 
lead  Degree.  I  mud  not,  however,  pafs  over  One 
Caution  in  the  Mode  or  Manner  of  melting  the 
Compofition,  and  that  is,  that  the  Copper  mud  be 
melted  fird  of  all,  and  rendered  as  fluid  as  poflible, 
then  the  Brafs  and  filver  mud  be  added,  and  the 

*  One  Ounce  of  Arfenic  will  however  fufficiently  ad  upon 
and  bind  Three  Pounds  Weight  of  the  Metal,  io  that  it  fhall 
never  tamiih  by  the  Air. 
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Whole  fluxed  with  the  common  black  Flux,  made 
of  Two  Parts  of  Tartar  to  One  of  Nitre,  or  by 
ftirring  the  melted  Mixture  with  a  wooden  Spatula 
of  Birch ,  and  made  as  fluid  as  poffible.  The  Tin 
muft  now  be  added,  and  the  Whole  poured  off 
immediately  after  it  is  once  ffcirred  together;  for  if 
the  Mixture  is  continued  on  the  Fire  fome  time  after 
the  Tin  is  added  to  it,  it  will  always  prove  porous 
afterwards,  though  it  be  melted  a  Second  Time 
with  the  fmallefl  Heat  poffible.  As  I  ever  found 
this  to  be  the  Cafe,  I  naturally  conjectured  that 
the  Metal  would  be  molt  folid  and  free  from  pores 
when  the  Tin  remained  the  lead  Time  poffible  in  a 
State  of  Calcination.  Experience  determined  the 
Truth  of  my  Conjecture,  and  I  now  find  that  the 
belt  Method  poffible  to  make  this  Compofition  to 
the  greateft  Advantage  is,  to  melt  the  Copper  as 
fluid  as  poffible;  and  flux  it  with  the  black  Flux  ;  to 
melt  the  Tin  in  a  feparate  Crucible  by  itfelf ;  to  take 
the  Two  Crucibles  out  of  the  Fire,  and  pour  the 
melted  Tin  into  the  fluid  Copper;  and  flir  it  inflantly 
with  a  wooden  Spatula,  and  pour  the  Whole  im¬ 
mediately  into  a  large  Quantity  of  cold  Water. 
The  fudden  Chill  from  the  cold  Water  divides  the 
melted  Mafs  into  an  infinite  Number  of  fmall  Par¬ 
ticles,  and  by  that  Means  cools  it  inflantaneoufly, 
and  consequently  prevents  the  Tin  from  calcining 
fenfibly ;  and  hence  I  have  always  found,  that 
in  the  Second  Melting,  the  Compofition  was  entirely 
free  from  Pores,  even  though  no  Arfenic  had  been 
employed.  Yet  the  Addition  of  Arfenic  ever  ren¬ 
dered  it  much  more  compaCf,  and  indeed  *  fpeci- 

*  The  fpecific  Gravity  of  the  Compofition  itfelf  is  8,78; 
with  the  Addition  of  1  oz.  of  Arfenic  to  1  lb.  of  Metal  is 
8,89. 
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fically  heavier*  as  well  as  more  brilliant  and  beau¬ 
tiful.  On  reverting  the  Procefs,  if  the  Tin  is  put 
into  the  bottom  of  the  Crucible,  and  the  Copper  at 
the  Top  of  it,  which  I  have  frequently  done,  the 
Copper  will  melt  with  a  very  little  Heat ;  whereas, 
when  Copper  is  put  into  the  Crucible  by  itfelf,  it 
requires  a  pretty  ftrong  Heat  to  caufe  it  to  mein 
When  I  firft  made  Ufe  of  this  Method,  I  imagined 
I  had  difcovered  a  very  eafy  one  to  melt  the 
Copper,  and  confequently  I  thought  I  had  greatly 
improved  the  common  Method  ;  and,  as  Mr.  Mudge 
afcribed  the  pores  in  the  Metal  to  the  Tin  being 
calcined  by  the  great  Heat  of  the  fluid  Copper  at 
its  Firft  Melting,  I  naturally  expedted  to  find  the 
Metal,  made  by  the  above  Procefs,  totally  free 
from  pores,  efpecially  in  the  Second  Melting,  as 
the  Heat  was  confiderably  lefs  than  if  the  Copper 
had  been  melted  firft  by  itfelf.  However  I  always 
found  it  full  of  Pores,  much  more  porous  than  I 
had  ever  feen  it  before.  For  fdme  time  I  could  not 
difcover  the  true  Caufe,  having  no  Idea  that  the 
Pores  were  owing  to  the  Tin  remaining  fo  long  in 
the  Fire  in  a  fluid  State,  and  therefore  in  a  State  of 
perpetual  Calcination.  I  attributed  the  Porofity  of 
the  Metals,  which  I  made  of  this  Compofition,  to 
a  Multitude  of  Caufes,  till  thoroughly  tired  of 
Experiments  and  Conjectures  to  afcertain  the  true 
Reafon,  I  wras  determined  to  melt  the  Copper  firft 
and  the  Tin  afterwards,  as  I  had  always  done  be¬ 
fore  I  dropped  upon  this  improved  Method,  as  I 
imagined.  The  Refult  was,  the  Metal  was  in¬ 
finitely  more  compadt  and  much  lefs  porous.  By 
melting  the  copper  firft  and  then  adding  the  Tin 
to  it,  I  foon  difcovered  that  the  longer  the  Tin  re¬ 
mained  in  the  Fire,  the  more  porous  the  Metal 
turned  out;  and,  vife  verfa ,  the  fooner  I  poured 
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it  off,  after  I  had  added  the  Tin,  the  more  com¬ 
pact  and  free  from  Pores  it  proved.  From  thefe 
Obfervations  I  determined  to  try  the  EffeCt  of 
adding  the  Tin  in  a  fluid  State  to  the  melted 
Copper,  and  to  cool  the  Whole  immediately,,  to 
prevent,  as  far  as  I  was  able,  Calcination  from  tak¬ 
ing  Place.  Experience  confirmed  my  Conjectures; 
and  I  foon  found  that  by  pouring  the  whole  melted 
Mafs,  the  Inftant  they  were  mixed  and  flirred  to¬ 
gether,  into  cold  Water,  the  Metal  always  proved, 
in  the  Second  Melting,  folid  and  much  more  com¬ 
pact,  beautiful,  and  white,  than  I  had  ever  feen  it 
by  any  other  Procefs.  One  Thing  I  cannot  pafs 
over,  as  it  affords  a  clear  Proof  of  the  Ufe  of 
Arfenic  in  rendering  the  Metal  much  more  folid  and 
compaCt,  and  confequently  more  free  from  Pores 
than  if  no  Arfenic  had'  been  ufed  in  the  Compofition. 
Whenever  I  made  the  Compofition,  by  melting  the 
Copper  and  Tin  together,  by  putting  them  intothe 
Crucible  at  the  fame  time  and  melting  them  down 
together,  the  Metal  was  always  porous,  as  I  ob- 
ferved  before  :  However  frequently  I  melted  it  af¬ 
terwards,  and  though  I  gave  it  no  more  Heat  than 
was  barely  neceffary  to  melt  it,  yet  if  I  added  to 
this  very  porous  Metal,  after  it  was  melted,  a  fmall 
Quantity  of  Arfenic ;  viz.  an  Ounce  to  One  Pound 
of  the  Metal,  it  was  really  aftonifhing  to  fee  how 
much  better  the  Metal  turned  out,  being  con- 
flderably  harder  than  before,  and  incomparably  lefs 
porous.  I  mention  this  Circumflance,  which  any 
one  may  eafily  try,  to  fhew  the  very  great  Advan¬ 
tage  of  ufing  a  fmall  Portion  of  Arfenic  to  render  it 
more  compaCt,  and,  as  Sir  Isaac  Newton  juftly 
*  obferves,  more  white  than  before.  The  Ufe  of  the 

*  See  Appendix  to  Gregory's  Optics,  p.  219;  or  the  Philo* 
fophical  Traafadtions,  N®  81. 
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fmall  Portion  of  Brafs  in  this  Compofition  is  to 
render  it  more  tough  and  not  fo  exceffive  brittle, 
as  this  Compofition  without  the  Brafs  would  prove. 
A  fmall  Portion  of  Silver  will  make  the  Metal  much 
whiter,  though  if  too  much  is  added  it  is  apt  to 
be  porous.  Having  faid  fo  much  relative  to  the 
Compofition  of  the  Metal,  which  indeed  is  a  capital 
Article,  I  pafs  on  to 

The  Manner  of  cajling  the  MetaL 

THE  Sand  moll  proper  for  calling  this,  and 
indeed  any  other  Metal,  is  a  fine  Sand,  with 
no  more  Loam  or  Clay  mixed  with  it  naturally  than 
is  abfolutely  neceffary  to  make  it  tenacious  enough 
to  adhere  together  when  properly  moiflened.  If 
too  much  Clay  is  mixed  by  Nature  with  the  Sand, 
it  will  always  blow  the  Metal  in  different  Directions, 
fometimes  indeed  to  the  great  Danger  of  the  Ope- 
rator.  On  the  contrary,  if  the  Sand  does  not  con¬ 
tain  a  fufficient  Quantity  of  Clay,  it  will  not  re¬ 
main  in  the  Flafks,  or  take  a  proper  Impreffion 
from  the  Pattern  or  Model.  The  belt  Sand  I  could 
ever  meet  with  for  the  purpofe  of  calling  Specula, 
is  the  common  Highgate  Sand  (near  London )  gene¬ 
rally  ufed  by  the  London  Founders.  It  fhould  be 
as  little  wet  as  may  be,  and  well  beaten  but  not  too 
hard.  The  Flafks  lhould  be  at  leall  Two  Inches 
wider  than  the  Metal  intended  to  be  call  If  the 
Sand  is  not  of  a  fufficient  Thicknefs  round  the 
Metal  it  will  inconllantly  become  dry  when  the  hot 
fluid  Metal  is  poured  into  it,  and  confequently  will 
contraCt,  and  of  courfe  the  fluid  Metal  will  run 
out  of  the  Flafks,  A  proper  Thicknefs  of  Sand 

B  a 


will,  however,  prevent  this  Accident.  The  Metal 
or  Pattern  fhould  be  made  of  Brafs  or  hard  Pewter, 
and  muft  be  a  little  larger  and  thicker  than  the 
Speculum  intended  to  be  calf  from  it ;  as  the  Thing 
ca ft  is  always  a  little  lefs  than  the  Pattern,  owing  to 
its  contracting*  a  fmall  Degree,  in  cooling.  A 
wooden  Pattern  will  not  quit  the  Sand  near  fo  well 
as  one  made  of  Metal;  befides  Wood  will  always 
warp  by  the  Moifture  of  the  Sand,  and  confe- 
quently  will  give  a  falfe  Figure  or  Form  to  the  in¬ 
tended  Speculum.  As  the  Compofition  I  have 
given  for  the  Speculum  is  the  hardejl ,  and  con- 
iequently  the  moft  brittle  of  any  Metal  yet  known  ; 
fo  it  is  the  molt  difficult  to  caft.  The  common 
Manner  of  calling  other  Specula  will  not  avail,  in 
the  lead:  Degree,  here ;  and  it  was  a  very  con- 
fiderable  Time  before  I  found  out  a  certain  and  in¬ 
fallible  Way  to  caft  them  free  from  Faults  or  Flaws 
in  the  Face.  In  general  they  cracked  in  the  Cooling, 
from  the  Moifture  of  the  Sand.  The  only  Me¬ 
thod  poffible  to  caft  them  well  (for  indeed  I  have 
tried  many  Methods)  is  to  caft  them  with  the  Face 
downwards .  The  Ingate  or  Git  fhould  be  at  the 
Back  of  the  Metal,  and  at  the  very  Edge  of  it; 
its  Breadth,  where  it  joins  the  Metal,  fhould  be  at 
leaft  Plalf  the  Diameter  of  the  Metal,  and  its 
Thicknefs  muft  be  Half  the  Thicknefs  of  the 
Metal  at  the  Edge;  the  upper  Part  of  the  Git 
fhould  contain  as  much  Metal,  at  leaft,  or  even 
more,  than  the  Speculum  itfelf.  I  could  give  my 
Reader  fufficient  Reafons  for  every  Part  of  the 
Procefs  above  directed,  but  I  might  be  thought  too 
tedious  :  Suffice  it  then  that  I  inform  him,  that  he 
will  find  thefe  Directions  will  anfwer  in  PraCtice; 
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•and  I  believe,  I  can  fay,  that  no  one  whatever  can 
caft  Specula,  of  this  brilliant  and  brittle  Compo- 
fition,  by  any  other  Means  than  what  I  have  now 
pointed  out.  When  the  Pattern,  with  its  Ingate  or 
Git,  is  taken  out  of  the  Sand,  Ten  or  a  Dozen 
fmall  Holes  fhould  be  made  through  the  Sand,  at 
the  Back  of  the  Mould,  with  a  fmall  Wire  or 
common  Knitting-needle,  to  permit  the  Air ,  to 
efcape,  as  the  Metal  is  poured  into  the  Mould.  I 
have  found  by  Experience,  that  leveral  fmali 
Holes  are  infinitely  better,  for  that  Purpofe,  *  than 
One  large  Hole.  When  the  Metal  is  melted  a  Se¬ 
cond  Time,  which  muft  be  done  with  as  fmall  a 
Degree  of  Heat  as  poflible,  add  the  proportional 
Quantity  of  crude  Arfenic  in  coarfe  Powder,  and 
flir  it  well  with  a  wooden  Spatula  ;  when  the  Fumes 
are  gone  off,  take  the  Metal  off  the  Fire,  take 
away  the  Drofs,  and  add  Half  an  Ounce  or  an 
Ounce  of  powdered  Rofin,  or  equal  Parts  of  pow¬ 
dered  Rolin  and  Nitre,  in  order  to  give  the  Metal 
a  good  Face;  fti-r  it  well  with  a  Stick,  and  pour  it 
immediately  into  the  Flalks.  When  the  Git  is 
filled  up  with  the  fluid  Metal,  ffrike  the  Flafks 
gently,  fo  as  to  fhake  or  jog  the  Metal  in  them  in  a 
fmall  Degree;  this  will  prevent  any  Flaws  in  the 
Face  from  any  Air-bubbles  being  lodged  there. 
When  the  Metal  has  remained  in  the  Flafks  for  a 
few  Minutes,  fo  as  to  become  entirely  folid,  open 
the  Flafks  while  the  Metal  is  red-hot  (it  cannot 

*  If  feveral  fmall  Holes  are  made  for  the  Air  to  efcape, 
the  Back  of  the  Metal  will  be  call  much  neater  than  if  One 
Hole  only  is  ufed  for  this  Purpofe.  Belides,  when  One  Hole 
only  is  ufed  to  let  the  Air  efcape,  the  Metal  is  very  apt  to 
,crack  in  that  Place,  owing  to  the  Sinking  of  the  Metal  in 
pooling. 
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crack  in  this  State,  though  it  is  expofed  to  the  Air, 
as  all  Metals  are  malleable  when  they  are  red  hot) 
and  take  out  the  Speculum  with  a  pair  of  Tongs, 
laying  hold  of  it  by  the  Git,  but  take  Care  to  keep 
the  Face  downwards  to  prevent  it  from  finking. 
Force  out  the  Sand  from  the  Hole,  in  the  Middle  of 
the  Mirror,  with  a  piece  of  Wood  or  Iron,  and 
place  the  Speculum  in  an  Iron  Pot  with  a  large 
Quantity  of  hot  Aihes  or  fmall  Coals,  fo  as  to  bury 
the  Speculum  in  them  a  fufficient  Depth.  If  the 
Sand  is  not  forced  out  of  the  Hole,  in  the  Manner 
above  directed,  the  Metal,  by  finking  as  it  cools, 
will  embrace  the  Sand  in  the  Middle  of  the  Spe¬ 
culum  fo  tight  as  to  caufe  it  to  crack  before  it  be¬ 
comes  intirely  cold.  And  if  the  Metal  is  not  taken 
out  of  the  Sand,  and  put  in  a  Pot  with  hot  Afhes 
or  Coals  to  anneal  it,  I  can  afiert,  that  the  Moif- 
ture  from  the  Sand  will  always  break  the  Metal. 
Let  the  Speculum  remain  in  the  Aihes  till  the 
Whole  is  become  quite  cold.  The  Git  may  be 
eafily  taken  off  by  marking  it  round  with  a  com¬ 
mon  fine  half-round  File,  and  giving  it  then  a 
gentle  Blow.  The  Metal  is  then  to  be  rough- 
ground  and  figured. 


Of  the  rough-grinding  and  figuring  the  Speculum . 

N  rough-grinding,  figuring,  and  polilhing  the 
^  Metal  ’Two  Tools  only  are  necefiary,  befides  a 
common  Grindftone.  One  chief  Reafon  why  Work¬ 
men  do  not  give  a  good  Figure  to  their  Spe¬ 
cula,  is  becaufe,  by  purfuing  Dr.  Smith’s  or  Mr. 
Mudge’s  Method,  they  ufe  too  many  Tools,  which 
in  a  great  Meafure  deftroy  each  other’s  Effects.  As 
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Nature  always  a£ts  in  the  moil  iimple  Manner,  fo 
if  we  could  always  imitate  her  in  this  Refped:  we 
fhould’  arrive  at  a  much  greater  Degree  of  Excel¬ 
lence  in  moil  of  our  mechanical  Purfuits.  Befides, 
the  Tools  generally  made  Ufe  of  by  Workmen  are 
coniiderably  too  large  in  Diameter,  ever  to  give  a 
corredt  and  uniform  Figure.  All  the  Tools  I  make 
Ufe  of  are  a  Rough-grinder  compofed  of  Lead  and 
Tin  mixed  together,  or  elfe  of  Pewter ;  this  Rough- 
grinder  ferves  alfo  for  a  Poliiher  ;  this  Tool,  with  a 
Bed  of  Stones  or  Hones,  are  all  that  are  neceffary* 
A  Bruifer  (as  directed  by  Dr.  Smith  and  Mr, 
Mudge)  is  totally  unneceifary,  caufes  confiderabl© 
more  Work,  and,  after  all,  is  really  detrimental. 
The  beil  Method  I  have  ever  found  to  rough- 
grind  the  Speculum,  is  to  grind  the  Surface  of  it 
quite  bright  upon  a  *  common  Grindflone,  made 
nearly  to  the  Figure  or  Focus  of  the  Speculum  by 
a  Gage.  Take  it  then  to  a  convex  Tool  made  of 
Lead  and  Tin,  or  elfc  of  Pewter,  and  grind  the 
Metal  upon  it  with  fine  Emery.  This  Emery* 
however  fine  it  may  be,  will  break  up  the  Metal 
very  much  ;  but  we  can  eafily  cure  that  Procefs,  as 
I  fhall  {hew  hereafter.  This  Tool  or  Rough-grinder 
fhould  be  made  of  an  elliptical  Form ,  and  not  cir¬ 
cular  (for  a  Reafon  I  fhall  point  out  hereafter)  and 
of  fuch  Dimenfions  that  the  fhortefl  Diameter  of 
the  Ellipfe  fhall  be  equal  in  Breadth  to  the  Dia¬ 
meter  of  the  Mirror,  and  the  longefl  Diameter  of 
the  elliptical  Tool  fhould  be  to  the  fhortefl  Dia- 

*  The  Grindftone  may  eafily  be  brdught  to  the  Form  of  the 
Gage,  by  holding  the  lliarp  Edge  of  an  Iron  Bar  agamfi:  it, 
while  it  is  turned  round,  till  fo  much  is  worn  away  from  its 
Surface,  as  fhall  caufe  it  to  take  the  true  Curvature  of  the 
Gage. 
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meter  in  the  Proportion  of  io  to  9  accurately,  for 
a  Reafon  to  be  mentioned  hereafter.  The  Manner 
of  working  or  figuring  the  Metal  upon  this  Tool 
and  indeed  upon  all  the  fucceeding  Tools,  is  taught 
in  Dr.  Smith's  Optics,  or  the  before-mentioned 
Volume  of  the  Philofophical  Tranfa&ions.  I  fhall 
refer  my  Reader  to  thofe  Publications,  at  I  only 
mean  to  give  my  own  Improvements.  When  the 
Metal  is  brought  to  a  true  Figure,  is  mud  be  taken 
to  a  convex  Tool,  formed  with  fome  Stones  from  a 
Place  called  Edgedon ,  in  Shropjhire ,  fituated  between 
Ludloiv  and  Bifhop's  Caftle .  Thefe  Stones  or  Hones 
are  of  a  fine  Grain,  and  will  eafily  cut  the  Metal 
and  bring  it  to  a  fine  Face.  Indeed  the  blue 
*  Hones,  ufed  in  general  by  the  Opticians  for  this 
Purpofe,  will  fcarce  touch  the  Metal,  and  it  will 
be  a  laborious  Undertaking  to  bring  the  Metal  to  a 
fine  Face,  fo  as  to  take  out  all  the  Breaks  up  from 
the  Emery,  by  the  common  blue  Hones.  By 
Means,  however,  of  the  above-mentioned  Stones 
they  may  eafily  be  ground  and  truly  figured.  The 
Bed  of  Stones  fhould  be  of  a  circular  Figure,  and 
but  very  little  larger  than  the  Metal  intended  to 
be  figured  upon  it  ;  viz.  about  Two  Tenths  of  an 
Inch,  but  not  more,  for  a  Speculum  of  Four  or 
Fi  ve  Inches  in  Diameter.  If  the  Tool  is  made 
confiderably  larger  than  the  Metal,  it  will  grind  the 
Metal  perpetually  into  a  larger  Sphere,  and  by  no 
Means  of  a  good  Figure  :  It  the  Metal  and  Tool 

OO 

are  of  the  fame  Size  exa&ly,  the  Metal  will  work 
truly  fpherical  ;  but  it  is  apt  to  fhorten  its  Focus 
lefs  and  lefs,  unlefs  the  Metal  and  Tool  are  worked 


*  Should  any  one  however  make  Ufe  of  the  common  blue 
Hones,  he  fhould  ufe  as  little  Water  as  oollible  when  the 
Metal  is  put  upon  them,  as  they  will  cut  much  better  when 
barely  wet,  than  if  much  Water  is  uled  upon  their  Face, 
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alternately  upwards.  It  had,  therefore,  better  be  made 
a  little  *  larger  than  the  Mirror,  when  it  will  not  alter 
its  Focus.  Too  much  Water  fhould  not  be  ufed  at 
a  Time  upon  the  Hone  Pavement,  or  the  Figure  will 
be  very  bad,  which  may  eafily  be  feen  by  the  Face 
of  the  Metal  appearing  of  different  Degrees  of 
Brightnefs  in  different  Parts  of  it.  When  the  Metal 
is  brought  to  a  very  fine  Face  and  figure  by  the 
Bed  of  Stones,  it  is  ready  to  receive  a  Polilh  :  But 
before  I  lhall  give  my  Directions  concerning  the 
Manner  of  polifhing  it,  I  muff;  mention  a  Circum- 
ffance  or  two  I  had  inadvertently  palled  over.  The 
Metal  muff:  not  be  gaff:  too  thick,  or  it  will  never 
take  the  parabolic  Figure  intended  to  be  given  to 
it.  The  beff  Proportion  I  have  found  for  this  Pur- 
pofe  is,  a  Metal  of  4|  Inches  Diameter  and  18 
Inches  Focus  Ihould  be  Four  Tenths  of  an  Inch 
thick  at  the  Edge  of  it :  The  Back  of  the  Mirror 
fhould  be  convex  to  ffrengthen  it,  and  to  caufe  it 
to  fpring  and  adhere  to  the  Poliffier  uniformly.  Its 
Convexity  fhould  be  equal  to  its  Concavity  on  the 
Face,  that  the  Metal  may  be  every-where  of  an 
equal  Thicknefs.  The  Handle  fhould  be  made  of 
Lead,  of  the  fame  Convexity  and  Concavity  as 
the  Metal,  its  Thicknefs  about  double  that  of  the 
Metal,  and  its  Diameter  Three  Fourths  of  that  of 
the  Speculum  ;  it  fhould  have  a  Hole  in  the  Middle, 
with  a  Copper  or  Iron  Screw  on  it,  fo  as  to  put  it, 
together  with  the  Mirror,  to  which  it  is  faffened 
with  Pitch,  on  a  Collar  Lathe,  in  order  to  fmooth 
and  finifh  the  Ege  of  the  Metal,  which  may  be  done 
by  holding  a  fine  File  to  it,  when  in  the  Lathe,  at 
the  firff:,  and  afterwards  one  of  the  above-mentioned 
Stones. 

*  About  One  Twentieth-part  greater  in  Diameter. 


c 
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Of  polijhing  the  Metal ,  and  giving  it  the  true  parabolic 

Figure . 

M  'HE  Rough-grinder  of  an  elliptical  Form  is  now 
A  to  be  covered  with  common  Pitch.  I  gene¬ 
rally  make  my  own  Pitch  by  boiling  Tar  in  a 
Ladle,  or  Crucible,  over  a  very  flow  Fire,  till  it  be¬ 
comes  of  the  Confidence  I  require ;  for  a  great  Nicety 
is  required  in  the  Degree  of  the  Hardnefs  of  the 
Pitch.  The  harder  the  Pitch  is  the  better  Figure  it 
will  give  to  the  Metal,  as  it  does  not  alter  its  Fi¬ 
gure  in  working  as  foft  Pitch  does;  befides  the 
Metal  will  acquire  a  Ludre  upon  a  Polifher  mode¬ 
rately  hard,  fo  as  to  drew  Objedts  rededted  from  it  as 
vivid  and  as  near  their  natural  Color  as  podible  ; 
but,  if  the  Pitch  is  too  foft,  fome  of  its  fined  Par¬ 
ticles  will  always  adhere  to  the  Face  of  the  Metal, 
and  form  a  very  fine  and  thin  Cuticle  or  Covering 
upon  its  Surface.  This  Circumdance  is  rendered 
very  evident  by  viewing  any  white  Objedt  in  the 
Metal  (a  Sheet  of  white  Paper,  for  Example)  when 
that  fine  Cuticle  or  thin  Surface  of  the  Pitch  upon 
the  Speculum  will  caufe  it  to  fhew  the  Objcdt  of  a 
dingy  brown  Colour,  and  not  of  its  genuine 
Whitenefs.  Pitch  may  be  eafily  made  harder  by 
adding  to  it  a  proper  Quantity  of  Rofin.  I  often 
ufe  equal  Quantities  of  Pitch  and  Rofin,  fo  as  to 
make  the  Mixture  jud  fo  hard  when  cold  as  to  re¬ 
ceive  an  Imprefiion  from  a  moderate  Preffure  of 
my  Nail.  A  Polifher  made  with  Pitch  and  Rofin 
has  this  Advantage ;  viz.  though  it  is  hard,  yet  it 
is  not  fo  brittle  *as  when  Pitch  only  is  ufed,  and 
made  hard  by  boiling  it,  and  confequently  not  fo 
liable  to  break  or  chip  off  at  the  Edges,  and  there¬ 
by  fcratch  the  Metal.  Pour  the  melted  Pitch  and 
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Rofin/when  pretty  cool,  from  the  Crucible  upon 
the  *  elliptic  Tool,  fo  as  to  cover  it  every  where 
when  fpread  upon  it  with  an  Iron  Spatula,  about 
the  Thicknefs  of  a  Half-crown  Piece.  If  the 
Covering  is  too  thin  it  will  continually  alter  its 
Figure,  by  the  Pleat  it  acquires  in  working  the 
Metal  upon  it,  and  thereby  give  a  bad  Figure  alfo 
to  the  Speculum.  When  it  is  fomewhat  cool,  lay 
a  Piece  of  Writing  Paper  upon  the  Surface  of  the 
Pitch,  and  gently  prels  the  Mirror  upon  the  Paper  ; 
inftantly  pull  the  Paper  from  off  the  Pitch,  after 
you  have  preffed  the  Mirror  upon  it,  elfe  it  might 
adhere  to  the  Pitch,  and  you  wdll  find  the  Polifher 
will  be  nearly  figured  to  the  Form  of  the  Speculum. 
If  it  has  not  taken  an  exadf  Figure  every  where, 
which  would  appear  by  the  fine  Marks  of  the 
Grain  of  the  Paper  upon  the  Pitch,  gently  warm 
the  Surface  of  the  Pitch,  and  repeat  the  Operation 
as  before,  till  you  have  formed  it  of  the  ^  exadt 
Figure  of  the  Metal.  With  a  Penknife  take  away 
now  all  the  fuperfiuous  Pitch  from  the  Edge  of  the 
Polifher,  and  with  a  conical  Piece  of  Wood  form 
the  Hole  in  the  Middle  accurately  round  :  In  other 

*  The  elliptic  Tool  mu  ft  be  made  pretty  warm,  or  the  Pitch 
will  not  adhere  to  it. 

f  When  the  Polifher  is  brought  to  its  true  Figure,  gently 
warm  it  at  the  Fire,  and  with  the  Edge  of  a  Knife  divide  it 
into  feveral  Squares  by  preffing  the  Edge  of  the  Knife  gently 
upon  the  Pitch  ;  thefe  Squares,  by  receiving  the  fmall  Por~ 
tion  of  the  Metal  that  works  off  it  in  polifhing,  will  caufe 
the  Figure  of  the  Speculum  to  be  more  correbt  than  if  no 

fuch  Squares  had  been  made. . The  Polifher  may  alfo  be 

formed,  without  the  Writing-paper,  by  dipping  the  Mirror 
into  cold  Water,  and  afterwards  preffing  it  upon  the  Surface 
of  the  Pitch  (when  it  is  fomewhat  cool)  and  by  repeating 
this  Operation  till  it  has  taken  the  exabt  Figure  of  the  Metal. 


Words,  let  the  pitchy  Surface  be  every  where  of 
the  exadt  Size  and  Shape  as  the  Lead  Tool  which 
is  under  it.  It  may  be  neceflary  to  mention  that 
the  Hole  in  the  Middle  of  the  Polifher  fhould  go 
quite  through  the  Tool  (for  a  particular  Reafon) 
and  fhould  be  made  of  the  fame  Size,  or  fomewhat 
lefs,  than  the  Hole  in  the  Middle  of  the  Speculum. 
This  is  a  neceflary  Caution,  and  indeed  I  have  al¬ 
ways  found  that  fmall  Mirrors,  without  any  Hole  in 
the  Middle,  will  polifh  much  better  and  the  Figure 
will  be  more  corredt,  if  the  Polifher  has  a  Hole  in 
the  Middle  of  it.  The  Powder  I  prefer  above  all 
others  to  give  a  moll  exquifite  Luflre,  is  Colcothar 
of  Vitriol  and  not  Putty.  Putty  gives  Metals  a 
white  Luflre,  or,  as  Workmen  call  it,  a  Silver 
Hue;  but  good  Colcothar  of  Vitriol  will  polifn 
with  a  very  fine  and  high  black  Luflre,  fo  as  to 
give  the  Metal  finifhed  with  it  the  Complexion  of 
polifhed  Steel.  To  know  if  the  Colcothar  of  Vi¬ 
triol  is  good,  put  fome  of  it  into  your  Mouth,  and 
if  you  find  it  diflolves  away  it  is  good  ;  but  if  you 
find  it  hard  and  cranch  between  your  Teeth,  then  it 
is  bad  and  not  well  burned.  Good  Colcothar  of 
Vitriol  is  of  a  deep  red  or  a  deep  purple  Color, 
and  is  foft  and  oily  when  robbed  between  the  Fin¬ 
gers  :  Bad  Colcothar  of  Vitriol  is  of  a  light  red 
Color,  and  feels  harfh  and  gritty.  The  Colcothar 
of  Vitriol  fhould  be  levigated  between  Two  Sur¬ 
faces  of  polifhed  Steel,  and  wrought  with  a  little 
Water;  when  it  is  worked  dry  you  may  add  a  little 
more  Water  to  carry  it  lower  down  to  what  Degree 
you  pleafe.  When  the  Colcothar  of  Vitriol  Was 
been  wrought  dry  Three  or  Four  Times,  it  will 
acquire  a  black  Color,  and  will  be  low  enough  or 


[  21  ] 

fufficiently  fine  to  give  an  exquifite  Luflre.  This 
levigated  Colcothar  of  Vitriol  1  put  in  a  fmall 
Phial,  and  pour  fome  Water  upon  it,  and  after¬ 
wards  I  ufe  it  for  polifhing  the  Metals  in  the  fame 
Manner  that  walked  Putty  is  always  directed  to  be" 
made  Ufe  of  for  that  Purpofe.  I  always  put  on  a 
large  Quantity  of  waljied  Colcothar  of  Vitriol  at 
once,  fo  as  to  faturate  the  Pitch  and  form  a  fine 
Coating  of  the  Colcothar,  and  very  rarely  make 
Ufe  of  a  Second  Application.  If  a  fecond  on 
third  Application  of  Colcothar  finould  be  found 
neceffary  to  bring  the  Metal  to  a  high  Luflre,  or  to 
take  out  any  Scratches  upon  its  Face,  ufe  it  very 
fparingly,  or  you  will  deftroy  the  Polilli  you  have 
already  attained.  When  the  Metal  is  nearly 
polifhed,  it  will  always  generate  fome  black  Mud 
upon  the  Surface  of  the  Mirror,  and  alfo  upon  tht 
Tool.  Wipe  it  now  away  from  the  Face  of  the 
Metal,  with  fome  very  foft  Walk-leather ;  though 
if  too  much  of  this  Mud  be  taken  away,  it  will  not 
polifh  fo  well.  Indeed  a  little  Experience  in  thefe 
Matters  will  better  fuffice  than  a  Volume  written 
upon  the  Subject. 

In  regard  to  the  parabolic  Figure  to  be  given 
to  the  Metal,  no  particular  Caution  is  required  in 
the  polifhing ;  the  elliptical  Tool  will  always  caufe 
the  Speculum  to  \york  into  an  accurate  parabolical 
Figure,  fuppofing  the  t.ranfverfe  and  conjugate 
Diameters  bear  the  true  Proportion  to  each  other, 
and  the  Metal  is  not  too  thick  to  prevent  it  always 
from  adhering  firmly  and  uniformly  to  the  Polifher. 
Should  the  Pitch  prove  too  foft,  it  will  give  way, 
and  alter  the  Figqre  a  little.  This  Circumfiance 
will  render  the  Figure  of  the  Mirror  fometimes  a 
fmall  Degree  fhort  of  the  Parabola,  and  fometimes 
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a  very  little  beyond  it ;  but  by  a  little  Perfeverance 
the  correct  Figure  is  very  eafily  acquired.  I  could 
very  eafily  give  the  Reader  the  Reafon  why  an  el¬ 
liptical  Tool  of  a  proper  Proportion  will  always  give 
a  parabolical  Figure;  and,  if  the  tranfverfe  Dia¬ 
meter  is  increafed,  it  will  then  always  give  an  hyper¬ 
bolical  Figure;  but  as  I  am  writing  upon  x\\q  prac¬ 
tical  Part  of  making  Reflecting  Telefcopes,  and 
not  the  Theory ,  I  will  not  offend  his  Patience.  To 
convince  any  one  of  the  Certainty  of  my  Affertions ; 
let  him  polifh  a  Metal  2j  Inches  Diameter  and  91- 
Inches  Focus,  upon  an  elliptical  Tool ,  whofe  Dia¬ 
meters  are  2!  and  3  Inches,  and  I  can  affert  he  will 
always  find  the  Metal,  when  poliflied  (if  it  is  not 
too  thick)  beyond  the  Parabola,  or  it  will  always 
prove  hyperbolical.  If  he  polifhes  it  upon  a  cir¬ 
cular  Tool  in  the  common  Way,  with  crofs  Strokes 
in  every  Direction  poffible,  ufing  fii  ft  a  few  round 
Strokes  every  Time  he  changes  his  Pofition,  he 
will  find  it  will  always  prove  fpherical,  and  confe- 
quently  jhort  of  the  Parabola.  A  very  little  Ex¬ 
perience  in  thefe  Matters  will  convince  any  one  of 
the  Eafe  and  Certainty  of  giving  the  great  Spe¬ 
culum  a  parabolic  Figure  by  polifhing  it  in  a  com¬ 
mon  Manner  only,  with  crofs  Strokes  in  every  pof¬ 
fible 'Direction,  upon  an  elliptical  Tool  of  the  pro¬ 
per  Dimenfions,  in  which,  for  common  Foci  and 
Apertures;  viz.  23  to  91  Focus,  or  3,8  Inches 
in  Diameter  to  18  Inches  Focus,  the  Diameters 
fnould  be  10  to  9.  The  fhorteft  Diameter  of  the 
Ellipfe  being  accurately  the  fame  as  the  Diameter  of 
the  Metal,  and  the  longeft  Diameter  of  the  Ellipfe 
to  the  fhorteft  Diameter  as  10  to  9. 

JOHN  EDWARDS. 


Ludlow, 

July  19th,  1  y  8 1  - 
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APPENDIX. 

An  Account  of  feveral  Compoftions  of  Metals 
and  Semi-metals ,  on  which  trials  were  made 
to  find  out  the  moft  proper  Mixture  for  the  Spe¬ 
cula  of  Reflecting  fielef copes. 


By  the  Rev  d  John  Edwards,  B.  A. 


1  /COPPER  and  Tin  equal  Parts— very  bad, 

foft,  and  of  a  blue  Color. 

2  D°  with  Arfenic  f — but  little  different  from  the 

i  ft. 

3  Tin  2,  Copper  i  —much  worfe  than  the  pre¬ 

ceding  ones. 

4  Copper  32,  Tin  16,  Arfenic  4,  Nitre  4 — black 

and  brittle. 

5  Copper  6,  Tin  1 1  Arfenic  1— very  indifferent. 

6  Copper  32^  Tin  14,  Arfenic  2— a  very  good 

Metal. 

Note,  By  Tin,  I  always  mean  Grain-tin. 

4  The  Nitre  wag  added  to  fix  the  Arfenic. 
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7  Copper  32,  Tin  13!,  Arfenic  1 — not  quite  fb 

good  as  6th. 

8  Copper  32,  Tin  13!,  Arfenic  if — a  good 

Metal. 

9  Copper  32,  Tin  15,  Arfenic  2 — much  better 

than  anv  of  the  above. 

j 

10  Copper  6,  Tin  2,  Arfenic  1 — compact,  but 
very  yellow  when  polifhed. 

21  Copper  3,  Tin  ij — compact,  and  whiter  than 
the  10th. 

12  Copper  32,  Tin  14$ — a  pretty  good  Metal,  but 

polifhes  too  yellow. 

13  Copper  32,  Tin  1 5,  Arfenic  2,  Flint-glafs  in 

Powder  3 — very  bright,  but  rotten. 

14  Brals  6,  Tin  1 — compact,  but  too  yellow. 

15  Two  Parts  of  nth  Compofition  and  1  Part  of 

14th  Compofition — compact,  but  much  too 
vellow  when  polifhed. 

16  Brafs  5,  Tin  1 — fomewhat  whiter  than  14th. 

17  Brafs  4,  Tin  1 — a  good  Metal,  but  rather  yel¬ 

low. 


13  Flint  Glafs  was  added  as  a  Flux.  See  Shaw9 s  Chymiffry, 

Note,  The  10th  is  the  Compofition  of  Sir  Ifaac  Newton. 
See  Appendix  to  Gregory’s  Optics,  p.  221.  The  nth,  14th,  and 
1  jjth  are  the  Compolitions  of  Mr.  Molyneux.  See  Smith's  Optics, 
Vol.  II.  P.  304.  And  the  12th  is  the  Compolition  of  Mr. 
Madge .  See  Philof.  Tram'.  Vol.  LX VII.  P.  298. 

19  and  2i.  Thefe  Compofitions  are  mentioned  by  Neri 
and  Kunchall  in  Neri9 s  Art  of  Glafs  Making.  Surely  they 
never  tried  thofe  Compofitions  themfelves.  but  took  them 
upon  the  Report  of  other  Authors,  as  the  19th  will  not  take 
a  good  Luftre,  and  the  2 iff  is  very  foft  like  hard  Pewter, 
therefore  highly  improper  for  Specula,  which  fhould  be  as  hard 
as  poffible. 
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18  Brafs  4,  Tin  1,  with  Arfenic  ~ — whiter  than 

17th. 

19  Brafs  3,  Tin  1 — will  not  polifh  welh 

20  Brafs  2,  Tin  1 — of  a  fparry  Nature. 

21  Tin  3,  Brafs  1— too  foft,  being  only  a  Kind  of 

hard  Pewter. 

22  Brafs  and  Arfenic  equal  Parts — ia  dirty  white 

Color. 

23  Brafs,  Copper,  and  Arfenic  equal  Parts— a  dingy 

white. 

24  Brafs  and  Platina  equal  Parts — very  difficult  to 

fufe  and  mix  well  together,  is  then  malleable^ 
and  of  a  dingy  white  Color,  like  22d  Com- 
pofition. 

25  Copper  32,  Tin  14,  Crude  Antimony  4 — black 

and  rotten. 

26  Copper  32,  Tin  14,  Crude  Antimony  1— bluifh 

and  rough-grained. 

2 7  Copper  32,  Tin  15,  Arfenic  4,  Bifmuth  2— 

much  too  rotten. 

28  Copper  32,  Tin  15,  Arfenic  3,  Bifmuth  1— 

much  too  yellow  when  polifhed,  and  appears 
alfo  porous. 

29  Copper  2 — Zinc  1 — a  pale  malleable  Metal. 

30  Copper  and  Zinc  equal  Parts — dill  malleable 

and  rougffigrained. 

31  Copper  32,  Tin  1 5,  Arfenic  4,  Zinc  4 — a  good 

Metal,  but  does  not  take  a  high  Luftre. 

32  The  3 id  Compofition  fluxed  with  Corrofive 

Sublimate — a  compact  and  hard  Metal,  but 
rather  yellow  when  polifhed. 
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33  Copper  32,  Tin  16 — a  moil  beautiful  brilliant 

Compofition,  but  much  too  brittle  and  rotten. 

34  Copper  32,  Tin  17 — bluilh  and  rough-grained. 

35  Copper  32,  Tin  18 — almoft  black  and  rough¬ 

grained. 

36  Brafs  2,  Zinc  1 — nearly  a  Gold  Color. 

37  Brafs  and  Zinc  equal  Parts — a  pale  gold  Color 

and  rough-grained. 

38  Spelter  4,  Tin  1 — very  rotten. 

39  Copper  and  Crude  Antimony  equal  Parts — of  a 

fparry  Nature. 

40  Copper  32,  Tin  15,  Arfenic  J  of  the  Whole — a 

very  beautiful  and  brilliant  Metal,  but  tar- 
nifhes  when  expofed  for  fome  time  to  the 
Air. 

41  Silver  and  Bifmuth  equal  Parts~a  yellowifli 

white  Metal,  and  not  much  harder  than  Silver 
itfelf. 

42  Silver  and  Tin  equal  Parts — a  white  Metal  al- 

moft  like  Silver  itfelf,  and  much  too  foft  for 
Specula. 

43 Sil  ver,  Tin,  and  Bifmuth  equal  Parts — *a  dingy 
white  Color,  but  much  harder  than  41  or  42. 

44  Copper  32,  Tin  15,  Silver  1 — a  beautiful  corn- 

pad;  Metal,  but  polifhes  rather  too  yellow. 

45  Copper  32,  Tin  15,  Silver  2 — not  fo  white  as 

44. 

46  Copper  32,  Tin  16,  Brafs  4,  Arfenic  2 — rather 

too  much  Tin  as  the  Compofition  was  of  a 
bluifh  Complexion  and  rough-grained. 


33  Unlefs  the  Copper  is  very  pure,  this  Compofition  will 
be  of  a  dark  blue  Color,  as  13  Ounces  of  Grain  Tin  will 
generally  faturate  Two  Pounds  Weight  of  Copper. 
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47  Copper  32,  Tin  15,  Brafs  1,  Silver  1,  Arfenic 

1 — a  moil  excellent  Metal,  being  by  much 
the  whitefl,  hardeR,  and  moA  reflective  I  have 
ever  yet  met  with. 

48  Common  Bell-metal — polifhes  very  yellow. 

49  Common  Bell-metal  4,  Regulus  of  Antimony 

1 — bluifli  and  rough-grained. 

30  Common  Bell-metal  6,  Reguhis  of  Antimony 
1 — ftill  bluifli  and  rough-grained. 

51  Copper  32,  Tin  14,  Reg.  Antim.  ;  viz.  1  oz. 

to  1  lb. — too  much  Antimony,  it  being  of  a 
bluifli  Color  and  rough-grained. 

52  Copper  32,  Tin  13,  Reg.  of  Ant.  bluifli  and 

rough. 

53  Copper  32,  Tin  13,  Reg.  Ant. viz.  1  oz. 

to  2  lb. — a  very  fine  Metal  in  Appearance 
like  33. 

34  Copper  32,  Tin  13,  Reg.  Ant.  viz.  1  oz. 

to  2j\b.  a  beautiful  Metal  not  much  unlike 
47,  but  not  quite  fo  white. 

35  Crude  Antimony  16,  Cawk-ftone  1  or  2  oz. — 

a  very  bright  glafly  Metal  like  the  common 

47  This  Metal,  when  broken,  fhould  appear  of  a  bright, 
ylally,  and  Quickfllver  Complexion.  If  it  appears  hard  and 
of  a  dead  white,  more  Tin  muft  be  added  (the  Copper  will 
fometimes  take  16  Ounces  of  Tin,  if  it  is  very  pure).  If  it 
appears  bluifli  and  rough,  more  Copper  or  Brafs  muft  be 
added. 

49  The  common  Bell-metal  is  not  a  Mixture  of  pure  Cop¬ 
per  and  Tin,  but  Tin  mixed  with  Copper  Ore,  a  little  puri¬ 
fied,  before  it  is  brought  into  pure  Copper. 

See  this  moft  wonderful  Stone,  and  its  ftrange  Effedt 
upon  Antimony  dcfcribed  in  the  Philofophical  Tranfadtions, 
N°  1 10.  For  this  Stone  I  am  much  obliged  to  Sir  Joseph: 
3a  nks,  Prelident  of  the  Royal  Society,  who  favoured  m®  with 
many  Ounces  of  it. 
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Vitrum  Antimonii,  but  by  no  Means  fit  for 
Mirrors. 

56  Copper  32,  Tin  x6,  Vitrum  Antimonii  made 

from  the  Cawk-ftone  1  oz. — a  very  indifferent 
Compofition,  as  the  Vitrum  Ant.  did  not  differ 
in  its  Effects  from  Crude  Antimony. 

57  Copper  32,  Tin  14,  Lead  2 — no  Art  can  make 

this  Compofition  mix  intimately,  as  the  Lead 
will  always  feparate  from  the  Copper  and 
Tin. 

58  Copper  32,  Tin  16,  Reg,  of  Ant.  3— black 

and  much  too  rotten. 

59  Copper  32,  Tin  16,  Iron  Filings  8 — a  bluifh 

grey  Color  and  rough-grained,  and  appeared 
fomewhat  like  Steel  when  broken  through. 

60  59th  Comp.  8  oz.  Tin  1  oz. — a  little  whiter 

than  59th,  but  ftill  too  blue. 

61  Equal  Parts  of  59  and  60 — hill  of  too  blue  a 

Color,  and  not  clofe-grained. 

62  Copper  32,  Tin  16,  Arfenic  3,  Iron  Filings  J 

of  an  oz. — a  pretty  brilliant  Compofition, 
but  much  inferior  to  47. 

63  Platina  1  oz.  Brafs  1  oz.  Cawk-ftone,  red  hot, 

\  oz. — exceffive  difficult  to  fufe,  and  of  a 
dirty  light-brown  Color,  and  fomewhat  mal¬ 
leable. 

64  Copper  30,  Tin  16,  Iron-filings  4,  Reg.  Ant. 

4,  and  fluxed  with  Corrofive  Sublimate — an 
exceeding  hard  and  compact  Metal,  but  of 
too  blue  a  Color. 

6 2  In  all  Compofitions  with  Iron  in  it,  the  Mixture  will 
-not  run  furficiently  fluid. 

63  The  Regulus  of  Antimony  was  added  here  to  dilTolve  or 
caule  to  melt  the  Iron-filings. 
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65  Copper  2  oz.  Tin  i  oz.  Iron-filings  I  dr* 

Reg.  Ant.  i  dr. — too  blue  a  Color  and  rough¬ 
grained. 

66  Regulus  of  Antimony  and  Tin  equal  Parts — 

fparry  and  not  fit  for  Mirrors. 

67  Caft-fteeb — will  not  polifn  upon  Pitch  either 

with  Putty  or  Colcothar  of  Vitriol. 

68  Steel  1  ,  Tin  J — very  rough-grained  and  bluifii, 

and  not  much  different  from  Steel  itfelf. 

69  Steel  1  y  Tin  1 — rough-grained  and  of  a  bluifh 
Color. 

70  Steel  i,  and  47th  Comp.  20  Parts— rough¬ 

grained  and  not  near  fo  good  as  47. 

71  Steel  1,  and  47th  Comp.  30 — not  much  different 

from  47th  Comp,  but  not  fo  beautiful  and 
clofe-grained. 

Many  other  Mixtures  were  tried,  by  combining 
the  foregoing  Compofitions  in  more  than  a  hundred 
Variety  of  Proportions  ;  but  none  of  them  were 
found  equal  to  N°  47,  as  that  Mixture  forms  a 
Metal  that  is  the  whiteft,  hardeft,  moft  reflective, 
and  takes  the  higheft  Lufire  of  any  Thing  I  have 
yet  feen. 

68  The  Steel  was  melted  by  a  Furnace  of  a  particular  Con- 
ftrudbion,  built  on  Purpofe,  as  it  would  not  melt  in  a  Crucible' 
and  a  common  Air-furnace, 
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Of  the  Eye-Glajfes  of  Reflecting  Telefcopes* 

THE  Kind  of  Giafs  moll  proper  for  the  Eye- 
glades  of  Reflecting  Telefcopes  is  Crown  Giafs, 
fuch  as  is  ufed  for  the  convex  Glades  in  the  com¬ 
pound  ObjeCt-Glafs  of  Acromatic  Telefcopes;  and 
thofe  Pieces  are  the  bed,  which,  when  laid  upon  a 
Sheet  of  white  Paper,  fhew  it  of  a  bluifh  green  Co¬ 
lor,  and  not  of  a  yellowifh  green.  Crown  Giafs  is 
much  preferable  to  Flint  Giafs,  or  indeed  any  other 
Sort  of  Giafs  we  are  acquainted  with,  for  this 
Purpofe  ;  as  it  intirely  deftroys,  by  its  Color,  all 
dingy  or  yellowifh  Appearance  of  Objects  in 
Reflecting  Telefcopes  (which  may  arife  from  the 
Metals  not  being  fufficiently  white,  or  front  a  bad 
Folifh)  and  thews  them  of  their  natural  Color. 
The  dingy  Appearance  of  ObjeCts  in  the  Reflect¬ 
ing  Telefcope  is  highly  difagreeable,  but  this  will 
be  entirely  removed  if  the  Metals  are  made  of 
the  47th  Compofition,  and  the  Eye-glades  are 
formed  of  Crown  Giafs.  Even  Flint  Giafs,  when 
ufed  for  the  Eye-glades  to  RedeCting  Telefcopes, 
will  always  drew  ObjeCts  too  yellow,  as  neither  the 
Flint  Giafs  nor  the  Metals  are  fufficiently  white. 
Rut  the  Combination  of  the  Color  of  the  Crown 
Giafs,  and  of  the  Light  redeCted  from  the  Metals, 
will  always  fhew  ObjeCts  of  their  true  natural  Co¬ 
lor,  and  totally  free  from  all  dingy  or  yellowifh 
Tinge.  I  mud  add  alfo  that  Crown  Giafs  is  much 
more  free  from  Veins  than  Flint  Giafs,  and  there¬ 
fore  much  preferable.  I  have  alfo  been  informed 
by  a  Gentleman  of  Stourbridge ,  in  JVorcefltrfhire9 
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who  is  a  Glafs-maker,  that  Crown  Glafs  is  the  rhdfl 
pure  Glafs  made  in  this  Kingdom,  and  alfo  trans¬ 
mits  more  light  than  even  Flint  Glafs,  as  Objedts 
may  be  feen  through  a  much  thicker  Piece  of  Crown 
than  Flint  Glafs.  This  Circumftance  may  perhaps 
be  owing  to  the  Quantity  of  Lead  which  enters 
the  Compohtion  of  Flint  Glafs,  which,  by  ren¬ 
dering  it  more  denfe  than  any  other  Kind  of  Glafs, 
makes  it  refled:  more,  and  confequently  tranfmit 
fewer  Rays  of  Light.  Be  this  as  it  will,  I  can  affirm 
from  my  own  experience,  that  Crown  Glafs  is  much 
preferable  to  Flint  Glafs  for  the  Eye-glaffes  of  all 
Reflecting  Telefcopes. 


T’o  try  the  Figure  of  the  great  Speculum . 

TV/JR.  Mudge ,  in  the  Philofophical  Tran  factions, 
has  given  a  Method  to  try  the  Figure  of  the 
great  Speculum  (for  the  fmall  Mirror  is  always 
fpherical)  by  circular  Apertures  of  Pafleboard,  ap¬ 
plied  to  the  Mouth,  or  the  Objed:  End  of  the 
Telefcope  ;  but  this  End  may  be  much  more  eafily 
obtained,  without  the  Trouble  of  uling  Diaphragms 
of  Pafleboard,  barely  by  looking  through  the  Te¬ 
lefcope,  and  by  viewing,  at  a  proper  Diftance  (50 
or  100  Yards,  forlnflance)  a  Circle  of  Half  an  Inch 
or  an  Inch  in  Diameter,  with  a  pretty  broad  black 
Margin  to  it.  Adjuft  the  Telefcope  fo  as  to  fliew 
the  Circle  as  diflind:  as  poffible;  turn  then  the 
Screw  which  moves  the  fmall  Mirror,  either  to  the 
Right  or  Left  Hand,  and  you  will  fee  a  regular 
dark  Haze  round  the  Circle,  becoming  broader  and 
broader  as  you  continue  turning  the  Screw  :  Then 
if  the  Haze  is  more  diflind:,  and  the  Edge 
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of  it  better  defined,  when  you  turn  the  Screw  front 
the  Place  of  didindt  Vifion  towards  the  Right 
Hand,  than  when  it  is  turned  from  didindh  Vifion 
towards  the  Left  Hand,  the  Figure  of  the  great 
Metal  is  fpherical ;  if  the  black  haze  is  mod  didindt 
when  the  Screw  is  turned  towards  the  Left  Hand,  it 
is  hyperbolical ,  or  beyond  the  Parabola  ;  but  if  the 
Haze  and  the  Edges  of  it  are  equally  didindt  oil 
both  Sides  the  true  Focus  or  Point  of  diftindt  Vifion, 
which  the  Eye  will  judge  mod  accurately,  then,  in 
fuch  Cafe,  the  great  Speculum  has  the  tru z  parabolic 
Curve  required.  Thefe,  and  the  following  Direc¬ 
tions  concerning  the  Method  to  center  the  Mirrors, 
are  fuited  to  a  Gregorian  Refledtor,  but  for  a 
Cassegrain  Telefcope  they  mufl  be  reverfed. 

To  center  the  Mirrors . 

|T  is  of  the  utmod  Confequence  to  the  Perfedtion 
of  Rededting  Telefcopes  that  the  Mirrors  be  truly 
parallel  to  each  other,  and  alfo  that  the  Centers  of 
them,  together  with  the  Centers  of  the  Eye-glades 
be  all  in  one  diredt  Line ;  viz.  in  the  Axis  of  the 
Tube.  Indeed,  unlefs  thefe  Particulars  are  attended 
to,  the  Indrument  will  prove  defective  and  faulty, 
even  though  the  Mirrors  have  the  mod  exquifitc 
Figure  poffible  given  to  them.  That  truly  excellent 
Artid,  the  late  ingenious  Mr.  James  Short ,  always 
took  the  greated  Care  to  adjud  and  center  the  Me¬ 
tals  of  his  Telefcopes ;  and,  to  prevent  them  front 
being  deranged  by  any  Accident,  he  always  marked 
the  upper  Part  of  the  great  Mirror  by  a  black  Line, 
and  fadened  the  Screws  on  the  Back  of  the  fmall 
Metal  with  common  foft  Solder.  Mr.  Mudgey  in 
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the  Philofophical  Tranfadtions,  very  juttly  advifes 
us  to  turn  the  great  Mirror  in  its  Cell,  and  examine 
in  what  Situation  it  is  molt  dittindt :  But  he  has 
given  us  no  Diredtions  how  we  are  to  place  the 
Metals  parallel  to  each  other*  at  the  fame  time  that 
their  Centers  are  exadtly  in  the  Axis  of  the  Tube. 
To  fup ply  thefe  Omiflions*  I  fhall  now  point  out 
fuch  Methods  as  I  have  always  found  excellent  for 
thofe  Purpofes. 


I.  To  adjujl  the  Arm  which  carries  the  fmall 

Speculum, 


Extend  Two  fine  Threads  or  Wires  acrofs  the 
Aperture  of  the  Tube  at  right  Angles*  fo  as  ta 
interfedt  each  other  exadtly  in  the  Axis  of  the  Te¬ 
le  fc  ope  ;  before  the  Arm  is  finally  fattened  to  the 
Slider,  place  it  in  the  Tube*  and  through  the  Eye¬ 
piece  (without  Glafles)  the  Interfedtion  of  the 
Crofs-wires  mutt  be  feen  exadtly  in  the  Center  of 
the  Hole  of  the  Arm.  When  this  Exadtnefs  is  ob¬ 
tained,  let  the  Arm  be  firmly  rivetted  and  foldered 
to  the  Slider.  > 


II.  To  place  the  fmall  Mirror  parallel  to  the  large 

Speculum . 


Divide  the  Circumference  of  the  Mouth-piece  of 
the  Tube  of  the  Telefcope  into  Four  equal  Parts. 
Provide  a  Circle  of  Patteboard  about  One  Half  or 
Two  Thirds  of  the  Diameter  of  the  Mouth  of 
the  Tube.  Procure  alfo  a  narrow  Strip  of  Wood* 
whofe  Length  is  exadtly  equal  to  the  Iniide  Diame¬ 
ter  of  the  Mouth  of  the  lube;  divide  it  into  Two 
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equal  Parts,  and  to  this  Middle  Point  fallen  the  Center 
of  the  Pafteboard  Circle  by  a  fmall  Pin.  Apply 
now  this  fmall  Apparatus  to  the  Two  oppofitc 
Marks  made  on  the  Mouth  of  the  Tube;  by  this 
Means  the  Center  of  the  Pafteboard  Circle  will 
coincide  with  the  Center  of  the  Tube.  Care  alfo 
muft  be  taken  that  the  Pafteboard  Circle  be  in  the 
fame  Plane  with  the  Mouth  of  the  Telefcope,  or, 
which  is  the  fame  Thing,  at  right  Angles  to  its 
Axis;  which  is  ealily  effected  by  applying  the 
Edge  of  a  Ruler  acrofs  the  Mouth  of  the  Telefcope, 
and  by  making  any  of  the  Diameters  of  the  Pafte¬ 
board  Circle  touch  the  Edge  of  the  Rule.  Take 
now  the  Eye-glades  from  the  Eye-tube,  and  ferew 
that  Tube,  without  its  Glades,  in  its  proper  Place  : 
Diredt  then  the  Mouth  of  the  Telefcope  towards  a 
Window  or  the  Sky,  apply  your  Eye  to  the  fmall 
Hole  in  the  Eye-tube,  and  obferve  whether  the 
Ring  of  Light  in  the  fmall  Mirror  is  exactly  of  the 
fame  Breadth  in  every  Part  of  it,  which  will  always 
be  the  Cafe  when  the  fmall  Metal  is  parallel  to  the 
great  Speculum;  in  all  other  Positions  of  the 
fmall  Speculum,  the  Ring  of  Light  in  it  (which 
is  only  the  reflected  Image  of  that  Part  of  the  great 
Mirror  which  is  not  hid  by  the  Pafteboard  Circle) 
will  appear  of  different  Breadths  in  different  Parts 
of  its  Circumference  :  Adjuft  now  the  fmall  Mirror 
by  the  Three  Screws  at  its  Back,  till  the  Ring  of 
Light  appears,  in  every  Part,  exadtly  of  the  fame 
uniform  Breadth;  and  thus,  by  a  few  Trials,  the 
Face  of  the  fmall  Metal  may  eafily  be  placed  pa¬ 
rallel  to  the  Face  of  the  great  Speculum. 


I 
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III.  To  plau  the  Center  of  the  fntall  Mirror  in  the 

Axis  of  the  Tube , 

Put  the  circular  Paileboard  on  the  Mouth  of  the 
Tube,  as  before;  then  apply  the  Eye  to  the  Eye¬ 
hole  (the  Eye-glaffes  being  removed)  and  obferve 
whether  the  outer  Edge  of  the  Ring  of  Light  in 
the  fmall  Mirror,  when  a  dj  lifted  by  the  preceding 
Rule,  is  equi-diftant  in  every  Part  of  its  Circum¬ 
ference  from  the  Edge  of  the  fmall  Metal :  In  fuch 
Cafe,  the  Center  of  the  fmall  Mirror  is  coincident 
with  the  Axis  of  the  Telefcope;  but  if  the  outer 
Edge  of  the  Ring  of  Light  in  the  fmall  Speculum 
is  nearer  to  the  Edge  of  it  in  feme  Part  of  its  Cir¬ 
cumference  than  in  others,  or,  in  other  Words,  if 
the  dark  Part  furrounding  the  Ring  of  Light 
in  the  fmall  Speculum  has  not  the  fame  Breadth  in 
every  Part  of  its  Circumference,  then  the  Center 
of  the  fmall  Metal  is  not  coincident  with  the  Axis 
of  the  Tube,  but  muft  be  raifed  higher  or  de~ 

Erefled  lower,  muft  be  put  towards  the  Right 
land,  or  towards  the  Left,  as  fhall  appear  necef- 
fary.  The  eafteft  Method  to  perform  this,  is  to 
make  the  Screw,  which  goes  through  the  Hole  in 
the  upright  Stem  of  Brafs  which  carries  the  fmall 
Metal,  with  a  broad  Shoulder  to  it,  and  to  make 
the  Hole  in  the  Center  of  the  Brafs  Stem  pretty 
large  (but  not  fa  large  as  the  Shoulder  of  the  Screw) 
by  which  Means  the  fmall  Mirror  may  be  raifed  or 
deprefled,  may  be  placed  a  little  to  the  Right  Hand, 
or  towards  the  Left,  as  is  found  to  be  moft  proper, 
and  may  be  retained  in  any  of  thofe  Portions  by  the 
three  fmall  Screws  that  bear  againft  the  Back  of 
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the  fmall  Speculum.- — This  and  the  preceding  Ad- 
juflment  muft  be  repeated  by  Trials,  till  the  Ring 
of  Light  in  the  fmall  Mirror  is  of  One  uniform. 
Breadth  in  every  Part  of  its  Circumference,  and, 
at  the  fame  Time,  the  outer  Edge  of  the  Ring  of 
Light  is  equi-diftant  from  the  Edge  of  the  fmall 
Metal;  for  then,  and  then  only,  the  Face  of  the 
fmall  Mirror  is  parallel  to  the  Face  of  the  great 
Speculum,  and,  at  the  fame  Time,  its  Center  is 
coincident  with  the  Axis  of  the  Tube;  or  the 
Centers  of  the  Eye-glaffes,  and  the  Centers  of  the 

great  and  fmall  Specula,  are  in  One  right  Line. 

< 

N.  B.  When  the  fmall  Mirror  has  been  adjufted, 
by  the  preceding  Directions,  thofe  two  Adjuft- 
ments  may  be  examined  and  rectified  to  the 
utmoft  Degree  of  Precifion  by  the  following 
Method. 

Put  up  a  Circle  of  Half  an  Inch  or  an  Inch  in  Di¬ 
ameter,  with  a  broad  black  Margin  to  its  Circum¬ 
ference,  at  the  Diftance  of  Fifty  or  a  Hundred 
Yards  from  the  Telefcope.  Turn  the  Screw,  which 
carries  the  Brafs  Stem  and  the  fmall  Mirror,  nearer 
to  or  farther  from  the  great  Speculum,  and  you 
will  ohferve,  if  the  Metals  are  centered  very  well, 
the  Margin  of  the  Circle  will  appear  to  become 
lefs  and  lefs,  fo  as  to  form  continually  a  lefs  Circle, 
till  at  laft,  as  you  continue  turning  the  Screw,  it 
will  terminate  in  a  black  Spot  in  the  Middle  of  the 
true  Circle  (which  will  flill  continue  vifible)  with 
a  large  broad  and  black  Haze  round  it,  equally 
broad  in  every  Part  of  it.  If  the  black  Spot  ap¬ 
pears  on  the  Margin  of  the  true  Circle,  and  con- 
fequently  the  black  Haze  is  not  equally  broad  round 
the  true  Circle,  then  the  Mirrors  are  not  exquifitely 
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centered,  but  the  fmali  Metal  mu  ft  be  adjufted  by 
|he  three  fmali  Screws  at  the  Back  of  it,  by 
fcrewing  up,  in  a  very  fmali  Degree,  the  fmal! 
Screw  which  is  diametrically  oppofite  the  black  Spot, 
or  on  the  other  Side  the  Center  of  the  Circle  on 
whofe  Margin  *  the  Spot  appears.  When  the 
Metals  are  found  to  be  exquilitely  centered,  fallen 
the  three  fmali  Screws  at  the  Back  of  the  fmali 
Speculum,  with  common  foft  Solder,  to  prevent 
them  from  drawing,  or  giving  Way.  Put  up 
now  a  Watch  Paper,  or  any  other  printed  Paper, 
with  Letters  or  Figures  upon  it  of  different  Dimen¬ 
sions,  fome  of  which  iliould  be  very  fmali,  at  the 
Diftance  of  at  leafl  Sixty  Times  the  focal  Length 
of  the  great  Speculum  from  the  Telefcope.  Turn 
the  large  Mirror  in  its  Cell,  about  the  Eighth  Part 
of  a  Revolution  each  Time,  and  obferve  in  which 
of  thofe  Portions  the  minute  Figures  or  Letters 
upon  the  Paper  are  moil  diftindt  :  Mark  then, 
with  a  black  Stroke,  the  upper  Part  of  the  Back  of 
the  great  Speculum,  and  a  correfponding  Part  upon 
the  Inlide  of  the  Brafs  Tube,  adjoining  to  the 
black  Stroke  on  the  Back  of  the  Mirror ;  by  which 
Means,  if  the  great  Speculum  is  taken  out  of  its 
Cell  at  any  Time,  it  may  eahly  be  replaced  ex¬ 
actly  in  the  fame  pofition. — The  Mirrors  may  alfo 
be  examined  by  Means  of  any  of  the  fixt  Stars, 

*  When  the  Metals  are  centered  exceeding  near,  but  not 
accurately  true,  the  true  Margin  of  the  Circle  will  appear 
too  broad  in  fome  One  Part  of  its  Circumference  ;  that  is, 
the  black  Line,  forming  the  Circumference  of  the  true  Circle, 
will  not  appear  equally  broad  in  every  Part  of  it.  In  fuch  a 
Cafe,  ferevv  up  the  fmali  Screw  at  the  Back  of  the  fmali  Spe¬ 
culum,  which  is  oppojite  the  Part  of  the  Circumference  of  thb 
Circle  which  appears  too  black,  or  too  broad. 
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particularly  by  thofe  of  the  Firfi  Magnitude  ;  for 
if  the  Mirrors  are  truly  centered  and  adjufled  to 
their  belt  Pofition,  a  fixed  Star,  when  made  in- 
diftindt  by  the  adjufling  Screw  on  the  Side  of  the 
Tube,  fhould  always  appear,  in  Refledting  Teles¬ 
copes,  as  a  truly  round  Circle  of  Fire  with  a  black 
Spot  exadtly  in  its  Center;  and  when  the  Telef- 
cope  is  adjufled  to  diftindt  Vifion,  the  Star  fhould 
appear,  if  the  Telefcope  is  excellent,  and  the 
State  of  the  Air  favourable,  exadtly  round ,  and 
totally  free  from  all  Irradiations,  or  falfe  Rays 
and  Glare.  Indeed  I  can  affert,  from  Experience, 
that  no  Objedt  is  fo  proper  to  determine  the  Ex- 
cellence  of  Telefcopes  as  the  fixt  Stars ;  as  the 
leaf!  Irregularity  in  the  Figure  of  the  Metals  in 
Refledting  Telefcopes,  or  of  the  Objedt-glafs  in 
Acromatics,  is  rendered  by  them  exceeding  con- 
fpicuous  by  a  falfe  Glare,  and  by  their  not  appear¬ 
ing  perfedtly  round.  The  ingenious  Mr.  Wm.  Her - 
fchell ,  of  Bath ,  F.  R.  S.  a  Gentleman  well  known 
in  the  afironomical  World,  has  difcovered  near 
300  double  and  treble  Stars  *,  many  of  which  are 
exceeding  minute  ones,  and  which,  at  the  fame 
Time  that  they  will  afford  us  an  Opportunity  to 
prove  the  Goodnefs  of  our  Telefcopes,  fhew  the 
Excellence  of  his  own  and  illuftrate  the  Ob- 
fervation  of  the  Royal  Pfalmift,  that  “  The 
€<  Heavens  declare  the  Glory  of  Gody  and  the  Firma- 
“  went  Jheweth  his  Handy -work:* 

*  See  Philof.  Tranf.  Vol.  LXXII. 

f  The  Diameter  of  the  great  Mirror  of  Mr.  Herfchell' s  longeft. 
Reflecting  Telefcope  (which  is  of  the  Newtonian  Con- 
Itruftion)  is  12  Inches,  its  focal  Diftance  is  20  Feet,  and  it* 
magnifying  Powers,  for  the  fixt  Stars,  are  from  700  to  6ooo 
X  imei, 
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POSTSCRIPT. 


AS  the  following  Table  of  the  Apertures^ 
Powers,  and  Prices  of  Reflecting  Tele- 
fcopes,  conftrudred  in  the  Gregorian  Form,  by  the 
late  ingenious  Mr.  James  Short,  is  very  fcarce,  it 
may  not  be  unacceptable  to  my  Reader,  if  I  here 
infert  it. 
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Mr.  Short,  in  the  above  Table,  always  greatly 
over-rated  the  higheft  Power  of  his  Telefcopes.  By 
Experiment  they  were  found  to  magnify  much  Ids 
than  expreffed  in  his  Paper.  Mr.  Short  finifhcd 
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two  or  three  Telefcopes  of  the  Gregorian  Form,  o 
1 8  Inches  Focus,  with  4,5  Inches  Aperture,  and 
Power  170.  He  alfo  made  one  Telefcope,  of  the 
Cajfegrain  Form,  of  24  Inches  Focus,  with  6  Inches 
Aperture,  and  Power  355,  But  it  was  very  in- 
diftindl  with  that  Power.  The  greateft  Magnifier 
it  bore,  with  fufficient  Diftindtnefs,  was  231  Times. 
He  alfo  made  fix  Telefcopes  of  the  fame  Focus  of 
the  Gregorian  Form,  which  bore  the  ufual  magni- 
fying  Powers  very  welh 


A  TABLE. 
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A  TABLE  of  the  Apertures,  Powers,  &c.  of 
Telefcopes  of  the  Newtonian  Conftru&ion,  in 
which  the  Figure  of  the  Great  Metal  is  fuppofed 
to  be  truly  fphericah 
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As  Telefcopes  of  Sir  Ifaac  Newtons  Conftruc- 
tion  are  now  found  (particularly  by  the  late  exqui- 
fite  Obfervations  of  Mr.  Herfchell  of  Bath)  to  per¬ 
form  moft  excellently  in  the  Minutiae  of  Aftronomy, 
efpecially  if  fmall  Apertures  and  long  Foci  are 
made  Ufe  of,  I  have  added  the  foregoing  Table, 
chiefly  taken  from  Dr.  Smith's  Optics,  vol.  i.  p.  148, 
and  have  continued  it  on  from  17  to  24  Feet  focal 
Diftance  of  the  great  Mirror.  I  have  alfo  annexed 
to  it  Sir  Ifaac  Newtons  Numbers,  by  means  of 
which  the  Apertures  of  Reflecting  Telefcopes,  of 
any  ConftruCtion,  may  be  eafily  computed.  See 
Appendix  to  Gregory's  Optics,  p.  229,  or  Philofo- 
phical  TranfaCtions,  N°  81. 

It  may  be  neceffary  to  mention,  that  the  preced¬ 
ing  Table  was  conftruCted  by  ufing  the  Dimenfions 
of  the  Middle  Aperture  and  Power  of  Mr. 
Hadley  s  excellent  Newtonian  Telefcope  as  a  Stan¬ 
dard  ;  viz .  Focal  Diftance  of  great  Mirror  62§ 
Inches  —  Aperture  of  Concave  Metal  5  Inches, 
and  Power  208  Times.  Mr.  Herfchell  chiefly 
makes  Ufe  of  a  Newtonian  RefleCtor,  the  focal 
Diftance  of  whole  great  Mirror  is  7  Feet,  its  A- 
perture  6,25  Inches,  and  Powers  227  and  460 
Times,  though  fometimes  he  ufes  a  Power  of  6450 
for  the  fixt  Stars. 

Note,  If  the  Metals  of  a  Newtonian  Telef¬ 
cope  are  worked  as  exquifitely  as  thofe  in  Mr. 
HerfchelVs  Seven  Feet  Refledor,  the  higheft 
Power  that  fuch  a  Telefcope  fhould  bear, 
with  perfed:  DiftinCtnefs,  will  be  given  by 
multiplying  the  Diameter  of  the  great  Spe¬ 
culum  by  74  ;  and  the  focal  Diftance  of  the 
^ngle  Eye-glafs  may  be  found  by  dividing  the 
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focal  Diftance  of  the  great  Mirror  by  the 
magnifying  Power  :  Thus,  6,25  x  74  =  462 

the  Mag.  Power;  and  =  0,182  of  an 

0  46s 

Inch,  the  foe.  Did.  of  the  Angle  Eye-glafs 
required. 


To  grind  and  polljh  the  j mall  Speculum  of  a  Newto¬ 
nian  Tele f cope  truly  flat . 


IT  may  perhaps  be  neceffary  to  inform  thofe  who 
would  wifh  to  finifh  Telefcopes  of  the  Newto¬ 
nian  Form,  that  the  fmall  elliptical  plane  Mirror  may 
be  ground  truly  flat  by  making  Ufe  of  Two  or  more 
Tools  confiderably  larger  than  the  Speculum  in¬ 
tended  to  be  finifhed  upon  them,  after  it  is  brought 
as  near  the  Figure  as  can  be  done  upon  a  fmall 
Tool  of  Lead  with  fine  Emery.  The  Tools,  or 
Beds  of  Hones,  fhould  be  no  lefs  than  Six  Inches  in 
Diameter.  The  Figure  of  the  Tools  is  not  allowed 
to  be  completed,  till  the  Speculum  can  be  firft  highly 
finifhed  upon  One  of  them,  and  afterwards  be 
applied  to  another  without  receiving  any  Change. 
The  laft  Half  Dozen  Strokes  Ihould  be  in  the  Di¬ 
rection  of  the  longer  Axis  of  the  Ellipfis.  When 
this  is  perfected,  it  mult  be  polifhed  upon  the  Pitch 
Polifher  of  a  circular  Form,  whofe  Diameter  is 
about  One-tenth  Part  greater  than  the  tranfverfe 
Axis  of  the  Speculum.  For  this  Method  of  figur¬ 
ing  the  fmall  Speculum  truly  flat,  I  am  obliged  to 
that  excellent  Aftronomer,  Mr.  Herfchell ,  of  Bath . 
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To  find ,  by  Experiment ,  the  magnifying  Power  of  any 

Telefcope. 

MANY  Methods  have  been  contrived  to  deter¬ 
mine  experimentally  the  magnifying  Power  of 
any  Telefcope.  That  excellent  Artift  Mr.  Ramfden 
Ihewed  me,  fome  Time  ago,  a  fmall  Inftrument, 
of  his  own  Invention,  to  rneafure  the  Diameter  of 
the  emergent  Pencil  of  Rays,  at  the  Eye-hole,  to 
the  utmoft  Degree  of  Precifion.  By  dividing  the 
Diameter  of  the  great  Mirror  in  a  Reflecting  Telef¬ 
cope,  or  the  Diameter  of  the  ObjeCt-glafs  in  a 
RefraCtor,  by  the  Diameter  of  the  emergent  Pencil 
of  Rays,  determined  by  that  Inftrument,  the  mag¬ 
nifying  Power  will  then  be  given.  But  as  that  In¬ 
ftrument,  conftruCted  chiefly  upon  the  Principle 
of  Mr.  Dollond’s  ObjeCt-glafs  Micrometer,  is  fome- 
what  *  expenftve,  and  therefore  may  not  be  found 
in  the  Hands  of  every  One  who  is  poflfefled  of  a 
Telefcope  ;  I  fhall  lay  down  a  plain  and  eafy  Me¬ 
thod  by  which  I  could  always  difcover  the  Powers 
of  my  Telefcopes  very  readily  and  with  fufficient 
Accuracy. 

At  the  Diftance  of  One  or  Two  Hundred  Yards 
from  the  Telefcope  put  up  a  fmall  Circle  of  Paper 
of  any  determined  Diameter,  an  Inch  for  Inftance  : 
Upon  a  Card,  or  any  Piece  of  ftrong  Paper, 

*  Mr.  Ramfden  informed  me  that  the  Price  of  One  of  his 
fmall  Inftruments  to  determine  the  Power  of  any  Telefcope 
would  be  about  Three  Guineas.  Whether  any  other  Optician 
makes  thefe  Inftruments,  as  invented  by  Mr.  Ramfden ,  I  can¬ 
not  tell,  having  never  feen  any  other  than  that  which  Mr. 
Rajnfden  fliewed  to  me. 
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through  which  the  Light  cannot  be  eafily  tranfmitted, 
draw  Two  black  parallel  Lines,  whofe  Diftance  from 
each  other  is  exadtly  equal  to  the  Diameter  of  the 
fmall  Circle.  Adjuft  the  Telefcope  to  diftindt  Vi¬ 
llon,  and  through  it  view  the  aforefaid  fmall  Circle 
with  One  Eye,  and  with  the  other  Eye,  open  alfo, 
view  at  the  fame  Time  the  Two  parallel  Lines.  Let 
the  parallel  Lines  be  then  moved  nearer  to  or  fur¬ 
ther  from  your  Eye,  till  you  fee  them  appear  ex- 
adtly  to  cover  the  fmall  Circle  viewed  in  the  Te¬ 
lefcope.  Meafure  now  the  Diftance  of  the  fmall 
Circle,  and  alfo  of  the  parallel  Lines,  from  your 
Eye.  Divide  then  the  Diftance  of  the  former  by 
that  of  the  latter,  and  you  will  have  the  magnify¬ 
ing  Power  of  the  Telefcope  required. 

Two  other  Methods  to  determine,  by  'Experiment , 
the  Power  of  any  Telefcope  are  given  in  Dr. 
Smith's  Optics,  in  the  Notes  upon  Art.  109  and 

4^5* 
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*  To  determine  the  Size  and  Place  of  the  Eye -hole  in 
a  fingle  or  compound  Eye-piece  of  a  Reflecting  Te¬ 
le  f  cope, 

IT  is  abfolutely  neccfiary  for  perfedt  Vifion  that  the 
Eye  diould  be  applied  to  a  fmall  Hole  of  a  cer¬ 
tain  dimenfion  placed  exactly  in  the  Focus  of  the 
fingle  Eye-glafs,  if  the  Eye-piece  confifts  of  ^  One 
Glafs  only,  or  elfe  in  the  compound  Focus  of  the 
Glades,  if  it  is  condrudted  with  Two,  as  is  mod;  com¬ 
monly  pradtifed.  If  the  fmall  Eye-hole  is  not  ex- 
adfly  in  the  proper  Place  and  alfo  of  the  true  Size, 
the  Telefcope  will  prove  faulty,  as  it  will  always 
either  take  in  foreign  Light,  and  by  that  Means  the 
Objedt  will  appear  very  indidindf,  or  elfe  it  will 
cut  off  many  of  the  Rays  which  fhould  come  to  the 
Eye,  and  then  the  Objedt  will  not  appear  fo  vivid 
as  it  ought  to  do.  To  redtify  therefore  its  Size  and 
Place  let  the  following  Rules  be  obferved. 

Let  the  Didance  of  the  Eye-hole  from  the  Eye- 
glafs,  if  it  is  a  fingle  One,  be  put,  as  near  as  can 
be  attained  by  Meafure,  equal  to  the  focal  Didance 
of  the  Eye-glafs;  but  if  it  is  a  compound  Eye-glafs, 

*  Thefe  Directions  might  have  been  inferted,  perhaps  with 
more  Uniformity,  immediately  after  the  Directions  for  the 
Eye-glajJcs  of  Reflecting  Telefcopcs ,  p.  30  ;  but  as  this  Treatife 
is  already  fet  and  corrected  to  this  Place,  I  am  neceifitated  to 
infert  it  here. 

f  Some  Aftronomers  prefer  an  Eye-piece  of  One  double 
convex  Glafs  only  for  the  higher  Powers  of  their  Telefcopcs, 
as  it  will  tranfmit  more  Light  than  can  pafs  through  Two 
Glafles.— -In  Mr.  HerfchelV s  Tclefcopes  of  the  Newtonian 
Form,  the  Eye-pieces  lor  the  greateft  Powers  confift  only  of 
One  fmall  double  convex  Glafs. 
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the  Didance  of  the  Eye-hole  from  the  Glafs  neared 
the  Eye  may  be  found  thus  :  Multiply  the  Dif¬ 
ference  between  the  focal  Diilance  of  the  Glafs  next 
to  the  Mirror  and  the  Diilance  of  the  Two  Eye- 
glades  by  the  focal  Diilance  of  the  Glafs  neareil  to 
the  Eye,  and  divide  this  Product  by  the  Sum  of  the 
focal  Diilances  of  the  Two  Glades  ledened  by  their 
Diilance,  and  you  will  have  the  compound  focal 
Didance  required.  Example.  If  the  focal  Dis¬ 
tance  of  the  Glafs  neared  to  the  Mirror  is  3  inches, 
the  focal  Didance  of  the  Glafs  neared  the  Eye  is 
1  Inch,  and  their  Didance  from  each  other  is  2 
Inches,  then  the  compound  focal  Didance  from  the 

Eye-glafs  will  be  —  §  an  Inch. 

The  Diameter  of  the  Eye-hole  may  alfo  be  de¬ 
termined  by  dividing  the  Diameter  of  the  great 
Speculum  by  the  magnifying  Power  of  the  Telef- 
cope.  Thus,  if  the  Aperture  of  the  Telefcope  is 
4  Inches  and  Power  1 50,  the  Diameter  of  the  Eye¬ 
hole  will  be  0,027  of  an  Inch  nearly,  or  = 
0,02666,  Sc c. 

Having  now  found  the  Place  and  Size  of  the 
Eye-hole  by  Calculation  nearly,  the  true  Place  and 
Size  mud  be  determined  accurately  by  Experiment , 
dnce  our  Meafures  of  the  Foci,  Didances,  &c.  of 
the  Glades  can;aot  be  found  with  fufficient  Ac¬ 
curacy. 

With  a  fmall  convex  Glafs  of  an  Inch  or  an  Inch 
and  Half  focal  Didance  view  the  Picture  of  the  large 
Mirror  in  the  Eye-hole  ;  hold  the  convex  Glafs  as 
deady  as  you  can  in  one  Hand,  and  move  your 
Eye  upwards  or  downwards,  towards  the  Right 
Hand  or  towards  the  Left ;  then  if  the  Pi&ure  of 
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the  large  Metal  in  the  Eye-hole  has  a  Motion  in 
the  fame  Direction  with  the  Eye,  the  Focus  of  the 
Eye-glafs,  whether  lingle  or  compound,  is  between 
the  Eye-hole  and  the  Eye-glafs ;  but  if  the  Pic¬ 
ture  of  the  great  Speculum  in  the  Eye-hole  appears 
to  move  contrary  to  the  Motion  of  the  Eye,  then 
the  true  Focus  is  between  the  Eye  and  the  Eye-hole. 
In  the  former  Cafe  the  Eye-hole  mull  be  brought 
nearer  to  the  Eye-glafs,  in  the  latter  Cafe  it  muft 
be  removed  farther  from  it,  till  you  perceive  the 
Pidture  of  the  great  Mirror  become  Stationary,  or 
without  any  Motion,  in  whatever  Direction  the 
Eye  is  moved  ;  for  then  and  then  only  the  Eye¬ 
hole  is  mojl  accurately  in  the  Focus  of  the  lingle  or 
compound  Eye-glafs. 

The  Diameter  of  the  Eye-hole  may  alfo  be  deter¬ 
mined  exactly  by  viewing,  with  the  fmall  convex 
Glafs  held  in  the  Hand,  as  in  the  preceding  Opera¬ 
tion,  the  exadt  Size  of  the  Pidture  of  the  great 
Metal  in  the  Place  of  the  Eye-hole,  determined 
accurately  by  the  foregoing  Direction.  If  the  Area 
of  the  Eye-hole  appears  a  fmall  Degree  larger  than 
the  Area  of  the  emergent  Pencil  of  Rays,  or  the 
Pidture  of  the  great  Speculum,  then  it  is  fufficiently 
large  to  tranfmit  all  the  Rays  of  Light  which  come 
from  the  great  Metal.  But  if  the  Area  of  the  Eye¬ 
hole  is  found  to  be  lefs  than  the  Area  of  the  Pidture 
of  the  great  Speculum,  the  Eye-hole  mull:  be  en¬ 
larged  till  its  Diameter  fhall  be  found  equal  to,  or 
rather  a  little  larger  than  the  Diameter  of  the 
emergent  Pencil  of  Rays. 


THE  END, 
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An  ACCOUNT  of  the  Caufe  and  Cure  of 
the  Tremors  peculiarly  affecting  Reflecting 
Telef copes  more  than  Refracting  ones .  By  the 

Rev  d  John  Edwards  ;  contained  in  the 
Extracts  of  Two  Letters  from  him  to  NEVIL 
MASKELYNE,  D .  D *  and  Aflrcnomer  Royal* 


EXTRACT  L 

Ludlow,  Feb*  26th,  1782* 

T  HAVE  the  Pleafure  to  inform  you,  that  I  have 
A  made  One  Difcovery  of  no  fmall  Moment  to 
Reflecting  Telefcopes,  and  which  cannot  fail  of 
bringing  them  again  into  your  good  Opinion,  and 
of  reftoring  them  again  as  preferable  to  Achroma- 
tics  for  aftronomical  Purpofes.  I  am  fure  what¬ 
ever  Difcoveries  are  to  be  made  in  the  Heavens  we 
mull  be  obliged  to  Reflectors  for  them,  as  we  can 
give  them  what  Aperture  we  pleafe.  In  fhort,  Sir, 
I  have  difeovered  the  true  Caufe  of  the  Tremors  in 
RefleCtors,  and  can  and  have  cured  them  in  my 
own  Telefcope.  This  is  not  imaginary.  I  do  not 
deceive  myfelf,  as  I  have  already  fhewn  the  Dif¬ 
ference  to  a  Gentleman  of  this  Place.  I  can  make 
them  fhew  ObjeCts  to  tremble  or  remain  fteady,  as 
I  pleafe.  I  now  fee  the  great  Difference?  and  the 
Advantage  of  curing  thefe  Tremors. 

G  2 
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EXTRACT  II. 

Ludlow,  Nov.  16th,  1782* 

IN  regard  to  the  Caufe  of  Tremors  in  Reflecting 
A  Telefcopes,  I  have  not  made  a  great  many  Ex¬ 
periments  upon  them ;  though  what  I  have  made 
feem  to  fhew  me  the  true  Caufe  of  them;  viz.  iff,  to 
the  Springs  at  the  Back  of  the  great  Speculum,  which 
are  every  Moment  varying  their  Elaflicity,  and  there¬ 
fore  do  not  prefs  the  Metal  equally  at  all  Parts  of 
it ;  nor  indeed  does  the  PrefTure  continue  the  fame 
at  the  fame  Place  for  a  few  Seconds.  This  is  One 
Caufe.  2dly,  Another  Caufe,  I  think,  is  the  Eye¬ 
hole  of  Reflecting  Telefcopes;  fince,  as  the  Emer¬ 
gent  Pencil  of  Rays  comes  through  fo  fmall  a  Hole, 
the  leaf!  Motion  of  the  Eye  fide-ways,  or  upwards, 
or  downwards,  will  caufe  the  Obje&s  to  dance  or 
tremble  *.  This  latter  Part  of  the  Error  may  be 
eafily  cured  in  a  Newtonian  RefleCtor  by  taking 
away  the  fmall  Eye-hole  entirely,  which  will  be  no 
Detriment  in  the  Night-time,  as  no  Light  from  the 
Sky  can  fall  immediately  on  the  Eye-glafs.  In  the 

*  In  a  fubfequent  Letter  Mr.  Edwards ,  very  properly,  at¬ 
tributes  the  Detriment  arifmg  from  the  Eye-hole  to  the  In¬ 
flexion  of  Light ;  the  Effects  of  which  feem  to  have  been, 
firft  oblerved  by  Grimaldo ,  but  which  were  afterwards  exa¬ 
mined  farther  by  very  nice  Experiments  by  Sir  Ifaac  Newton , 
and  {hewn  by  him  to  arife,  not  from  the  ordinary  Refradtion 
of  the  Air  (as  had  been  fuppofed  by  fome)  but  rather  (a9  at¬ 
tributed  in  his  Queries)  to  a  real  Repuiiion  fub fitting  between 
the  Rays  of  Light  and  Bodies  which  they  approach  near  to. 
In  Fadt,  the  bad  Effedt  of  the  Eye-hole  in  producing  in- 
diftindtnefs  at  leatt,  if  not  Tremors,  is  very  fenfible,  although 
the  Eye  be  kept  as  fteady  and  free  from  any  tranfverfe  Mo¬ 
tion  as  pottible.  N.  M. 
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Gregorian  Conftrudtion  the  Eye-hole  cannot  be  fo 
eafiiy  removed,  even  in  the  Night,  except  it  is  very 
dark,  as  the  circumambient  Sky-light  will  fall  im¬ 
mediately  on  the  Eye-glafifes.  If  you  will  take 
away  the  Springs  at  the  Back  of  the  Metal,  and 
put  the  Metal  to  Hand  (for  a  Trial  only)  on  Two 
Imall  Bits  of  Card  placed  in  this  Pofition, 
where  a  is  the  Top  of  the  Metal,  b  the 
Bottom,  c  and  d,  the  Two  Pieces  of 
Card ;  if  you  take  Care  to  wedge  it  in  q 
its  Cell  juft  fo  tight  with  the  Bits  of  Card 
as  to  prevent  the  Metal  from  falling  down 
or  backwards,  I  think  you  will  not  find  any  Tre¬ 
mors  then  appear  in  the  Telefcope,  if  you  will 
try  it  againft  an  Achromatic  at  the  fame  Time.  The 
above  Method  is  only  to  Ihew  that  the  Springs  at 
the  Back  are  the  chief  Caufe  of  thofe  Tremors  ;  at 
leaft  they  have  always  appeared  fo  to  my  Eyes.  I 
remember  once,  when  the  Objects  had  great  Tre¬ 
mors,  I  took  off'  the  Springs  and  fattened  the 
Metal  gently  in  with  Two  Bits  of  Card,  and  I  could 
not  then  perceive  the  leaft  Tremors.  I  replaced 
the  Springs  ;  the  Tremors  returned  as  bad  as  ever. 
I  then  took  them  away  as  before,  and  could  fee  no 
Tremors.  A  Gentleman  of  Ludlow  prefent  with 
me  faw  the  fame,  and  declared  that  the  Springs 
were  the  immediate  Caufe  of  the  Tremors  ;  though 
if  the  Eye  was  moved  much  at  right  Angles  to  the 
Axis  of  the  Pencil  of  Ravs,  we  could  ftill  perceive 
fome  Tremors  owing  to  the  Eye-hole.  I  much 
diflike  the  conftant  Practice  of  putting  the  Metals 
to  bear  their  whole  Weight  on  their  lower  Point  as 
at  b,  as  the  Weight  of  the  Metal  retting  on  that 
Poi  nt  bends  the  Metal  in  a  final!  Degree,  and 
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hurts  the  Figure.  This  may  appear  ftrange ;  but 
indeed  I  can  at  any  Time  totally  fpoil  the  Figure  oi 
a  Metal  by  wedging  it  in  only  with  the  Thicknefs 
of  a  Bit  of  common  Writing-paper.  Dr.  Smyth 
fays  One-thoufandth  of  an  Inch  will  fpoil  its  Figure. 
I  am  fure  alfo  that  that  Quantity,  if  not  lefs,  will 
injure  it.  If  the  Metal  was  made  to  reft  at  Two 
Points,  viz,  c ,  d ,  each  of  which  is  450  from  b ,  and 
90°  from  each  other,  I  think  the  Figure  would  not 
be  injured  at  all;  I  do  not  fee  that  the  Thicknefs 
of  the  Metal  is  of  any  Service  to  prevent  this  fmall 
Degree  of  Bending,  for  I  never  yet  faw  a  large 
Metal  whofe  Figure  I  could  not  fpoil  with  an  ex¬ 
ceeding  fmall  Prefture  at  its  Back.  Nor  do  I  ap¬ 
prove  of  Three  Screws  at  the  Back  to  bear  againft 
the  Metal,  as  I  altered  my  own  fmall  Telefcope  to 
that  Plan,  and  I  never  could  make  the  Screws  beat 
equally  alike,  but  they  would  bear  harder  againft 
one  Place  than  another,  and  fo  fpoil  the  Figure.  I 
think  they  had  beft  be  faftened  by  Three  fmall 
Screws  palling  through  the  Tube,  perpendicular  to 
the  Axis,  and  of  fuch  a  Thicknefs  as  for  their  Sides 
to  touch  the  Back  of  the  Mirror  barely  without  any 
Shake.  By  removing  the  Brafsback  (viz.  the  Brafs 
into  which  the  Eye-piece  is  ferewed)  vou  may  fee  the 
Screws  bear  fide-ways  againft  the  Mirror  in  Three 
Places,  and  may  file  away  the  Sides  of  the  Screws, 
fo  as  to  make  them  juft  touch  the  Mirror,  but  not 
much  more. 
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Addition  to  the  Directions  concerning  the  Compofition  of 
the  Metals  of  Reflecting  Telefcopes . 

"IN  making  the  Compofition  of  the  Metal  it  is 
**  better  to  proceed  thus  than  according  to  the  Me¬ 
thod  I  have  laid  down  in  my  Paper,  as  I  have  fince 
experienced  in  fome  Metals  I  have  made.  Make 
the  brilliant  Compofition  Firft  of  Copper  and  Tin. 
Melt  the  proportional  Quantity  of  Silver  and  Brafs 
in  a  fmall  Crucible  by  itfelf.  When  you  put  the  bril¬ 
liant  Compofition  the  Second  Time  into  the  Crucible, 
add  alfo  the  Lump  of  Brafs  and  Silver  melted  to¬ 
gether  before  in  a  feparate  Crucible ;  and  when  the 
whole  is  now  fluid,  add  the  proportional  Quantity 
pf  Arfenic,  and  then  pour  it  off  into  the  Flafks, 
after  the  Scoria  is  taken  off,  and  a  little  powdered 
Rofin  is  thrown  into  it.  In  other  Words,  it  is  better 
not  to  add  the  Brafs  to  the  melted  Copper  in  the 
Firfl  Melting,  as  the  Heat  of  the  Copper  calcines 
the  Lapis  Calaminaris  in  the  Brafs,  which  renders 
the  Metal  not  fo  good  as  if  the  Brafs  and  Silver  were 
melted  together  (as  Silver  melts  with  a  lefs  Heat 
than  Brafs)  and  then  added  to  the  Metal  in  the  Se¬ 
cond  Melting.  As  Copper  requires  a  much  greater 
Heat  to  melt  it  than  Brafs,  it  gives  too  great  a 
Heat  to  the  Brafs  when  it  is  added  to  it,  which  by 
calcining  the  Lapis  Calaminaris  in  the  Brafs  will 
fometimes  caufc  the  Metal  to  be  in  a  fmall  Degree 
porous.  By  purfuing  the  above  Method  it  will 
never  be  porous  in  the  leafl  Degree.  We  are  not 
to  imagine  it  porous  becaufe  it  breaks  up  with  the 
Emery.  It  will  always  break  up  with  the  finefl 
Emery;  but  thcfe  Break-ups  are  taken  out  by  the 
Bed  of  Hones  or  Stones.  If  the  common  blue 
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Hones  are  ufed,  but  little  Water  mull  be  ufed  at  a 
time,  or  they  will  never  cut  the  Metal. 


Of  the  Fuel  ufed  in  cajling  the  Metal . 

T  HAVE  ufed  all  Kinds  of  Fuel  in  calling  the 
^  Metal;  viz.  Coabcoak,  and  Wood-charcoal; 
but  the  bell  by  far,  and  which  I  almoll  always 
ufed,  is  Coak.  It  is  common  Coal  charred,  and 
gives  a  fine  and  conllant  Heat ;  it  is  to  be  had 
at  all  Malllers,  as  they  dry  their  Malt  with  it.  This 
is  the  Material  they  always  ufe  to  call  with  at  Bir¬ 
mingham  and  Wolverhampton .  Common  Coal  fmokes 
fo  much  that  you  cannot  fee  into  the  Crucible,  and 
is  a  very  nally  Material.  The  Coak  calls  no  Smoke 
at  all.  I  have  fometimes,  but  very  feldom,  ufed 
Wood-charcoal ;  but  it  is  very  dear,  befides  it  does 
not  do  near  fo  well  as  the  Coak,  as  the  Draught  of 
an  Air-furnace  is  fo  great  it  burns  it  out  imme¬ 
diately,  fo  that  you  might  almoll  as  foon  endeavour 
to  melt  the  Metal  with  Paper  thrown  into  the  Fur* 
nace. 


REMARKS 


